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Circuit Gourt of the Cited States, 


EASTERN DISTRICT OF PENNSYLVANIA, 


IN EQUITY. 


AMERICAN BELL TELEPHONE COMPANY ET AL. 


Vv. 


THe CLAay CoMMERCIAL ‘TELEPHONE COMPANY ET AL. 


BILL OF COMPLAINT. 


[FILED APRIL 24, 1884. ] 


‘ To the Honorable the Judges of the Circuit Court of the United 
States within and for the Eastern District of Pennsylvania. 


The American Bell Telephone Company, a corporation duly es- 
tablished under the laws of the Commonwealth of Massachusetts, 
and the Bell Telephone Company of Philadelphia, a corporation duly 
established under the laws of the State of Pennsylvania, bring this 
their bill of complaint against The Clay Commercial Telephone 
Company, & corporation organized under the laws of the State of 


New Jersey, and exercising its franchise within said judicial dis- 


trict, John C. Scott, James McMillan, George W. Bratton, Samucl 
P. Godwin, Alonzo P. Douglass, W. Harrison Godwin, Henry 
a Clay, John J. Bailey, John Marston, Jr., Thomas C. Else, James 


McC. Creighton and Joseph Wright. 
4" And thereupon your orators complain and say : — 


1. Onor about Feb. 14, 1876, Alexander Graham Bell, then 


of Salem, in the State of Massachusetts, being theretofore the 


original and first inventor of certain new and useful improvements 


a in telegrapiy, made application in due form of law to the Commis- 
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sioner of Patents of the United States, for the grant of a patent 


securing to him exclusive property in his said improvements, which 
had not beenknown or used by others in this country, nor patented 
or described in any printed publication in this or any foreign 
country, before his invention thereof, and which had not been in 


public use or on sale for more than two years prior to his said 


application. 


Thereupon, after due proceedings in all respects according to the 
requisitions of the statutes in such ease made and provided, Let- 
ters Patent of the United States, numbered 174,465, dated the 
seventh day of March, in the year 1876, signed by the Secretary of 
the Interior and countersigned by the Commissioner of Patents, 
were issued under the seal of the Patent Office, and delivered unto 
the said Alexander Graham Bell; whereby was granted to him, 
his heirs or assigns, fur the term of seventeen years from the said 
date of the same, the exclusive right to make, use and vend the said 
invention throughout the Uniied States and the Territores thereof, 
as will more fully appear by the said patent, or by a copy of the 
same duly certified from the 1ecords of the Patent Office, and in 


this court to be produced. 


2. On or about Jan. 15, 1877, the same Alexander Grabam 
Bell, being theretofore the original and first inventor of certain new 


and useful improvements in electric telephony, made application 


in due form of law to the 


United States for the grant of a patent securing to him exclusive 
property in his said improvement, which had not been known or 
used by others in this country, nor patented or described in any 
printed publication in this or any foreign country, before his in- 


vention thereof, and which had not been in public use or on sale 


for more than two years prior to 


Thereupon, after due proceedings in all respects according to the 
requisitions of the statutes in such case made and provided, Letters 


Patent of the United States, numbered 186,787, dated the thirtieth 


day 


rior 


under the seal of the Patent Office, and delivered unto the said 


Alexander Graham Bell i Where 


Commissioner of Patents of 


his said application. 


granted to him, his 1g” 
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of January, in the year 1877, signed by the Secretary of the Inte- z 


and countersigned by the Commissioner of Patents, were issued 
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t.lephones procured from said American Bell Telephone Company 
and is predecessors, upon payment of stated royalties under said 
two patents to the said American Bell Telephone Company. 

That by license under the said American Bell Telephone Com- 
pany, the Bell Telephone Company of Philadelphia, a corporation 
organized under the laws of the State of Pennsylvania, has acquired 
the sole and exclusive right to use telephones within a territory 
which includes all of the city and county of Philadelphia, the coun- 
ties of Bucks, Chester, Delaware, and Montgomery in the State of 
Pennsylvania, and all of the counties of Mercer, Salem, Cape May, 
Cumberland, Atlantic, Gloucester, Camden, Burlington, and Ocean 
in the State of New Jersey, and all of the State of Delaware, and 
is now engaged in the business of supplying electric speaking tele- 
phones, and erecting telephone lines in said territory, which tele- 
phones it receives from the said American Bell Telephone Company, 
and for the use of which it pays a yearly license fee and rcyalty to 
the said American Bell Telephone Company, and receives a yearly 
license fee and royalty from its sub-licensees. 

5. Electric speaking telephones had never been publicly known 
or used hefore the grant of said patent, No. 174,465. They were 
first publicly made known by said Bell, and were by him and _ his 
licensees fiist introduced into public use under the said patents, No. 
174,465 and No. 186,787. After the grant of said patents, the in- 
ventions therein deseribed and claimed, or substantial and material 
parts of the same, embodied in instruments known as Bell tele- 
phones, and in instruments known as Blake transmitters, were, be- 
fore July, 1877, and January, 1879, respectively, introduced into 
general public use by the said Bell, the said Hubbard, trustee, and 
the said Bell Telephone Company. Since then many thousand per- 
sons have put the said inventions, so embodied, into daily use under 
the authority and license of your orators, the said American Bell 
Telephone Company, and their predecessors, and those holding rights 
or licenses under them, and have paid for such use of said inventions 
the amount fixed by the owners of said patents as a reasonable com- 
pensation therefor, such payments amounting in the aggregate to 


many thousands of dollars. Telephone exchanges under license from 


yeur orators, the American Bell Telephone Company, now exist in 
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more than one thousand towns and cities of the United States, and 
in every State thereof, and exist in substantially every city of the 
United States having. more than 5,000 inhabitants, and in many 
smaller places; and all said exchanges use telephones licensed by 
your orators, the American Bell Telephone Company, and their 
predecessors, as owners of said patents to Bell, and pay royalty 
therefor to your said orators. The fact that said Bell was the origi- 
nal and first inventor of said inventions, and that the patents above 
named are good and valid patents, has been generally recognized and 
acknowledged by those who have uséd the inventions and by the 
public generally in all parts of the United States; and the claims of 
the said Bell and your orators, the American Bell Telephone Com- 
pany, and their said predecessors, to the exclusive right to the said 
inventions under said patents, have been generally acknowledged 
and acquiesced in. From time to time several persons have at- 
tempted to make, sell and use telephones, or parts thereof, embra- 
cing said inventions, but in such cases your orators, the American 
Bell Telephone Company, or their said predecessors, have immedi- 
ately, upon hearing of such acts or attempts, notified such persons 
to desist therefrom, and such persons have generally, upon receiving 
such notice, complied therewith, and acquiesced in and reeognized as 
valid the claims of your orators, the American Bell Telephone Com- 
pany, and their predecessors, under said patents ; and said Bell, and 
those deriving title from him as aforesaid, have always asserted and 
maintained, «nd, but for the wrongful acts of the defendants, would 
have hitherto almost universally enjoyed the sole and exclusive right 
to practise said inventions. Your orators, the American Bell Tele- 
phone Company, and their predecessors have never acquiesced in 
any infringement of their exclusive rights, but whenever any such 
infringement has come to their knowledge, and been continued after 
notice to desist, they have commenced action to restrain the same; 
and the said exclusive rights of your orators are of great value to 
them. 

6. The transmission of axticulate speech, telegraphically, accord- 
ing to the method invented by the said Bell and patented to him as 
aforesiid, constituted an entirely new industrial art; and the manu- 


facture and introduction into use of instruments and apparatus for 
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such purpose is an industry which was originally created under the 
said patents to Bell, and which has been developed wholly and 
solely by the owners of the said patents and their licensees. 

The introduction of the electric speaking telephone into use and 
its application to the various requirements of users, and the con- 
struction and adaptation of means and appliances for en:bling it to 
supply the wants of the community, have involved great labor and 
expense on the part of your orators, their predecessors and licensees, 
and have necessitated the acquirement by them of skill, knowledge 
and experience, not before possessed or exercised by any one. 

There are now in use more than 300,009 electric sperking tele- 
phones, licensed by and paying royalty to your orators, the American 
Bell Telephone Company. The owners of said patents to Bell, and 
those who now are, or heretofore have been, licensed by them, have 
devoted much time and attention, and large sums of money to the 
development of the’ telephone and the introduction thereof into 
extensive use, and to the proper construction of the most suitable 
telephone lines and systems and telephonic applances, and have 
constructed many thousand miles of telephone lines for use with 
telephones owned by your orators, the American Bell Telephone 
Company, and licensed by them for such use, and nothing which the 
defendants, or either, or any of them, have done, has contributed in 
any substantial way to the development of the telephone, or the in- 
troduction thereof Into use. 

For all this labor and expenditure which the introduction of the 
telephone into use, and the application of the same to the various re- 
quirements of users has involved, as well as for the intrinsic value of 
the inventions of Bell embraced in the telephone itself, your orators 
can obtain adequate compensation only by the undisturbed enjoyment 
of the exclusive rights granted by the said patents. Persons 
attempting to make, sell, use or furnish for use electric speaking 


telephones without license from your orators, not only violate the 


exclusive rig! 


x 


its so granted by the said patents, but avail themselves 
of the knowledge and experience which have been gained by the 
long-continued labors, trials, efforts and expenditures of your ora- 


tors, their predecessors and licensees, in® the development of the 


telephone, and the introduction thereof into use. Such unauthorized 
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manufacturer, vendor or user of telephones, if unrestrained, would 
thus have the power either to make greater profits therefrom than 
your orators or their licensees could otherwise make, or to compel your 
orators and their licensees, by unlawful competition, to reduce the 


prices hitherto established by them as just and reasonable compen- 
sation for what they have done, acquired, and paid in the premises. 
5 7. From time to time, sundry persons have undertaken to manu- 


facture and use electric speaking telephones, and to infringe the said 
patents. The owners of said patents have requested them to stop, 
and for the most part they have, upon being so notified, desisted 
from such infringement. Your orators, the American Bell Telephone 


Company, and their predecessors, owners of said patents to Bell, 
have brought suit in the courts of the United States and obtained 


injunctions and decrees against such infringers ; and among the suits 
so brought and which have resulted in injunctions or decrees are the 


' following : — 
] t 
rs 8. The said exclusive rights of said Bell, and your orators, the 


American Bell Telephone Company, and their predecessors, as his 
assigns and grantees, have never been openly or publicly violated, 
to any considerable extent, except at one time and in the year 1878, 
by the Western Union Telegraph Company, and by the Gold and 
Stock Telegraph Company, and by the Am»«rican Speaking Tele- 
phone Company, said three corporations having associated themselves 
together for that purpose. The said Bell Telephone Company 
brought their bill in equity in the Circuit Court of the United States 
fer the District of Massachusetts, against Peter A. Dowd, an agent 
of said associated companies, engaged in the business of using their 
infringing telephones, and in said suit complained of the defendant 
that he had infringed the fifth claim of said patent No. 174,465 ; and 
also complained that he had infringed the third, sixth, seventh and 
eighth claims of said patent No. 186,787. The said associated cor- 
porations assumed the defence of said suit, and employed in said de- 
fence their counsel and experts, learned in the law and skilled in the 
art. In said suit, evidence was taken and completed by the com- 
plainants in-chief, and by the defendant in defence, and by the com- 


plainants in reply ; and thereupon, upon consideration of said proofs, 


and the opinions of their professional advisers, the defendant and 
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said corporations became satisfied that said Bell was the true, origi- 
pal and first inventor of the electric speaking telephone, and the 
inventions covered by said patents; whereupon they submitted to 
the said claims of the complainants, and agreed to desist from 
fu: ther infringements, and have since desisted from further infringe- 
ments, and placed and caused to be placed a'l telephones within their 
power or control under license under said patents to Bell, and puxid, 
or caused to be paid, the usual and customary yearly royalties there- 
for, habitually charged by the assigns of said Bell to other parties 
for like uses; and agreed that they would not thereafter make electric 
speaking telephones, and would not thereafter use electric speaking 
telephones, except such as should be made and furnished to them by 
your orators or the assigns of said Bell, and under license under said 
patents toBell, and that for the use of the same they would pay not less 
than the usual and accustomed royalties, from time to time charged to 
others by your orators; and in accordance with the said advice of 
counsel of said telegraph companies a final decree was thereafter 
made and entered in said suit for the complainants, with the consent 
of the defendant Dowd, and, in and by said decree, the said two 
patents to Bell were adjudged and declare. to be valid patents, and 
the defendant was perpetually enjoined from infringing the same. 

9. In the year 1880, the People’s Telephone Company, a corpes 
ration organized under the laws of the State of New York, and Frank 
A. Klemm, Joseph Loth, Julius Bien, Marcus Marx, Auguste H. 
Girard, John N. Goodwin, Ernest Marx, Edgar W. Chellis, Richard 
C. McCormick, Henry D. Cooke, Jr., Max L. Gutmann, Moritz Loth 
and Simon Wolfe, did make, sell and use, and threaten to make, sell 
and use certain electric speaking telephones, some of which were 
known as the “ Klemm” telephones, and some of which were known 
as the “ Tisdel” telephones. Said defendants owned the alleged in - 
ventions of Frank A. Klemm and of Abner G. Tisdel, and of Daniel 
Drawbaugh, relating to electric speaking telephones; and thereupon 
your orators, the American Bell Telephone Company, and the Met- 
ropolitan Telephone and Telegraph Company, licensees of said 
American Bell Telephone Company, did, in the United States Cir- 
cuit Court for the Southern District of New York, file a bill in equity 
against all of said parties, complaining that such acts done and 
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threatened infringed the rights secured to the said orators by the 
said two patents to Bell, No. 174,465 and No. 186,787; and did 
also move for an injunction therein, pendente lite. Said motion came 
on to be heard in said Court, before the Honorable Samuel Blatch- 
ford, Circuit Judge, on the nineteenth day of November, 1880, on 
affidavits and proofs filed by the respective parties, and was argued 
by counsel; to wit, by Chauncey Smith and James J. Storrow, 
Esquires, for the complainants, and by George Harding, Esq., for 
the defendants ; and, upon consideration of the proofs and arguments, 
the Court did order an injunction as prayed for, restraining the de- 
fendants from infringing the said two patents of your orators, No. 
174,465 and No. 186,787. Such injunction issued accordingly on 
the twenty-second day of November, 1880; and your orators refer 
to « copy of the record in said suit, to be produced, and pray that 


: the same may be made part hereof. 

i 10. Inthe year 1880, the Eaton Telephone Company, and its as- 
sociates, did infringe said patents in New York by making and sell- 
ing an electric speaking telephone apparatus, composed of a magneto 
telephonic receiver of a form and style called by them the Eaton 
Magueto Telephi ne, and of a microphone battery telephonic trans- 
mitter, with carbon contacts; and did infringe said Bell patents in 
Massachusetts by selling the same to others by their employé, 
Albert L. Spencer; whereupon your orators, the American Bell 
: Telephone Company, brought suit against said Eaton Telephone 
Company and others in the United States Circuit Court for the 
Southern District of New York, and against said Spencer in the Dis- 
trict of Massachusetts, complaining that said defendants had thereby 
infringed the fifth claim of patent No. 174,465, and the fifth, sixth, 
and eighth claims of patent No. 186,787; and said Eaton Telephone 


Company and their associates defended said two suits, and employed 


a 
i 


in that behalf counsel learned in the law and experts, whereupon a 
preliminary injunction was issued in both suits. Afterwards said 
suits were prepared for final hearing, and the defendants denied the 
validity of said patents, and denied that the use of a microphone tel- 
ephonic transmitter with carbon contacts infringed said p tents; and 
in support of such denial, and of other allegations in their answer, 
they introduced evidence; and among other evidence they intro- 
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duced the depositions of Elisha Gray, and of William M. Goodridge, 
and of Henry Morton and of Edward S. Renwick ; and the same evi- 


dence on both sides was introduced in said two suits. Said suit in 


Massachusetts came on to be heard on final hearing before his Honor, 
Judge Lowell, Circuit Judge at Boston, and was argued by counsel ; 
and was, on June 27, 1881, decided by the Court in favor of the 


complainants ; and in its said decision, the Court, among other things, 


cxpres-ly held and decided that all the said claims of said patents 
sued on, were good and valid claims, and that said patents were valid 
patents, and that the use of the kind of speaking telephone transmit- 
ter, commonly knuwn as a microphone transmitter, with carbon con- 
tacts, whereby the resistance of a battery circuit was varied by 
variations of pressure due to vibrations imparted to one electrode by 
sound waves, infringed said fifth claim of the patent to Bell, No. 
174,465. Your orators crave leave to refer to the record of said 
case, and to the opinion of said Court therein pronounced, and ask 
that the same may be made and deemed to be part hereof. 

Your orators also refer to the following : — 

11. A suit in the United States Circuit Court for the District of 
Massachusetts, brought in 1873 against Addison D. Hard, electrician, 
which resulted in a preliminary injunction; afterwards, the said de- 
fendant made and exposed for sale some parts of electric speaking 
telephones, to the end that the purchasers thereof should complete 
and use the same; whereupon, after hearing, he was adjudged guilty 
of contempt, and ordered to pay a sum of money into Court, which 
sum was afterwards ordered to be paid, and was paid to the com- 
plainants, the Bell Telephone Company. Said suit has been ter- 
minated by a final decree for the complainants. 

12. A suit in the same Court against Jerome C. Redding, elec- 
trician, in 1878, which resulted in a preliminary injunction, and a 
final decree for the complainants. 

13. A suit in 1878, in the United States Circuit Court for the 
Southern District of New York, against Jesse H. Bunnell, manufac- 
turing electrician, who appeared by counsel; which resulted in an 
injunction and a final decree for the complainants. 

14. A suit in 1878 in the United States Circuit Court for the 
Southern District of Ohio, against Charles E. & W. H. Jones, who 
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appeared by counsel; which resulted in a final decree, declaring the 
validity of said patents, and enjoining further infringement thereof. 

15. <A suit in 1880, in the United States Cireuit Court for the 
Southern District of New York, against Pearce & Jones, minufac- 
turing electricians, who appeared by counsel; which resulted in a 
final decree declaring the validity of said patents, and enjoining 
further infringement thereof. 

16. A suit in 1880, in the same court, against J. L. Lazelle, a 
manufacturer of electrical apparatus, complaining that he infringed 
said patents by making and selling a form of magneto telephones, 
sometimes called “ Lazelle” telephones, and a form of microphone 
telephonic transmitters, sometimes called the “ Little Gem” trans- 
mitters. This suit resulted in a preliminary injunction, and a final 
decree and perpetual injunction. 

17. A suit in 1881, in the United States Circuit Court for the 
Northern District of Illinois, against Edward EK. Harbert and Har- 
| bert & Co., manufacturing electricians, in which said Harbert ap- 
peared in person; which, after hearing, resulted in a preliminary 


_ injunction, and a final decree and perpetual injunction. 
a . ’ ; - , 
j 18. A suit in 1881, in the same court, against The Foster Magnet 


Telephone Company, Gay W. Foster and others, in which the de- 

fendants appeared by counsel, and which resulted in a preliminary 

: injunction, and a final decree establishing the validity of said patents, 
and perpetually enjoining all furtber infringement thereof. 

19. A suit in 1881, in the United States Circuit Court for the 
Southern District of New York, against Henry Thau, manufacturer 

of electrical apparatus, in which the defendant appeared by attorney ; 
which resulted in a final decree and perpetual injunction. 

20. In 1881, a suit was brought on said two patents to Bell, in 
the United States Circuit Court for the Southern District of New 
York, against one Albert Craney, and others, who used at West 
Point, on premises belonging to the Military Academy of the United 
States, a certain telephone apparatus, known as the “ Eccard Tele- 
phone,” which is substantially described in United States patent, 
No. 214,029, granted to Adolph Eecard, April 8, 1879. The said 
defendants, by the procurement and at the expense of said Eceard 


and his associates, who weyano.iso made defendants, appeared by 
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their counsel, John H. Latrobe and Causten Browne, Esquires, and 
filed an answer, and thereupon evidence was taken for complainants. 

The defendants failed to take evidence, and gave up the contest ; 
and upon the day of hearing, the Court ordered a final decree against 
them, and, thereupon, a final decree and perpetual injunction issued 


against them. 
21. In the year 1881, Amos E. Dolbear and others infringed the 
siid patent to Bell, No. 174,465 by the construction and use of cer- 


tain telephone apparatus, which consisted of a microphone trans- . 


mitter and a condenser receiver. 

A bill in equity was thereupon filed against said infringers in the 
United States Circuit Court for the District of Massachusetts. 

A motion for preliminary injunction was made therein, which was 
heard before Justice Gray and Judge Lowell, and, after a full and 


elaborate hearing, the injunction was by them ordered and was ac- | 
companied by an opinion, a copy of which the complainants will pro- ; 

” q wT; } 
duce, and to which they crave leave to refer. y iy 


Subsequently the pleadings were completed in said suit, and issue 
was joined thereon, and proofs were taken by the respective parties, and 
the cause proceeded to final hearing before his Honor, Judge Lowell, 
and was argued by counsel; and on August 25, 1883, the Court de- 
cided the case in favor of the complainants, sustaining the validity 
of the said patent to Bell, No. 174,465, and holding that the defend- 
ants had infringed upon the fifth claim thereof, by the use of the ' 
apparatus complained of. Your orators crave leave to refer to the 


record in said case, and to the opinion and final decree of the Court 


therein, and ask that the same may be deemed to be a part hereof. , gm! 


22. Inthe yedr 1882, the People’s Telephone and Telegraph 


nee é | %& 7 

' ) a ? ’ » ‘6 y 2 ‘ = . > e 4 e 
Company infringed the said two Bell patents by making speaking 
telephones, and by causing them to be sold and used in the District 
of New Jersey by John J. Ghegan. Suit was brought in the United 4 ! 
—~ ed . » . . . . ° ‘ + 7” 
States Circuit Court for said district against the said Ghegan, and % 


motion for preliminary injunction was made therein. Affidavits 
having been taken and filed, the cause was heard, George Harding, . 
A. Q. Keasbey, and H. D. Donnelly, Esquires, appearing to contest a 
the case for the defendants ; and thereupon, after bearing, the Court ; 
made a decree and granted an injygggetion Afterwards said cause 
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proceeded to final hearing, and the defendant and the said People’s 
Telephone and Telegraph Company gave up further defence, and a 
final decree and a perpetual injunction were ordered and issued 
against the defendants. 

The like proceedings were had, and the like final decree and per- 
petual injunction issued from the same court against Andrew Al- 
bright, a licensee of said People’s Telephone and Telegraph Company. 
And thereafter, in the United States Circuit Court for the Sou:hern 
District of New York, the complainants brought their bill in equity 
against said People’s Telephone and Telegraph Company, and upon 
motion the Court granted an injunction therein, ordering the said 
company to desist from further infringement of the said two patents 
to Bell. 

23. <All said injunctions and decrees still remain in full force and 
effect, and the defendants named have, so far as the complainants 
are informed, entirely ceased to use or sell electric speaking tele- 
phones. 

24. The apparatus used by the above-named defendants, the 
People’s Telephone Company, the Eaton Telephone Company, and 
Spencer, Pearce & Jones, Lazelle, Harbert, Thau, Amos E. Dol- 
bear e¢ al., Ghegan, and the People’s Telephone aud Telegraph 
Company, consisted of an electric speaking telephone apparatus, 
which employed what is known as a microphone, or carbon trans- 
mitter, as the transmitting member, and which employed what is 
known as a inagneto telephone as the receiving member, except in 
the case of said Dolbear, who employed what is known as a con- 
denser receiver for the receiving member. An apparatus consisting 
of a carbon transmitter and magneto receiver, as aforesaid, is sub- 
stantially the apparatus employed by the defendants herein; and, in 
and by the said decrees in said cases, it was expressly decided and 
adjudged that a speaking telephone apparatus which employed the 
said instruments, infringed the claims of the said patents, although 
said instruments differed in their construction from that specifically 
shown in the drawings of the said patents to Bell. 

Furthermore, the specific instruments used by the defendants in 
the said suits against The People’s Telephone Company, the Eaton 
al., Ghegan, and the 


phone Company, and Snenerer TMolbear et 
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People’s Telephone and Telegraph Company, exhibit changes and 
differences from those specifically described in the patent to Bell, 
Which changes and differences were themselves the subject of 
patents, and some of which are owned by the said respective de- 
fendants. 

25. And your orators show that the telephones made by your 
said orators, the American Bell Telephone Company, and the in- 
fringing telephones of the defendants, are small instruments, and 
easily concealed, and easily used in private, and easily transferred 
from one person to another, so that it is generally extremely difficult 
for your orators to detect all instances of such use, and extremely 
difficult to prove the use thereof by persons not licensed by your 
orators, and the extent of such use, and it would be extremely 
onerous and burdensome for your orators to bring separate suits 
against each user to restrain said infringing use; and so, if the de- 
fendants, or either of them, shall be allowed to continue to manu- 
fucture and supply such instruments for use during the pendency of 
this suit, your orators will be wholly without adequate remedy in 
the premises. 

26. The defendants, well knowing the premises, but designing 


and contriving to injure your orators, and to deprive your orators 


of the benefits, profits and advantages arising and accruing from } 
the exclusive possession, exercise and control of the patented in- " 
' ; : 7 4 
ventions aforesaid to which your orators have been, andare, justly and 
(¥ 


lawfully entitled, have, without the consent and against the will and 
protest of your orators, at the city of Philadelphia aforesaid, and 5 
elsewhere within the said Eastern District of Pennsylvania, since | 
the first day of February, in the year 1884, jointly made and used, 
and furnished to others for use, and caused to be made and used, 
and to be furnished to others for use, and sold and eaused to be 5 
sold, electric speaking telephones, each of which is constructed and | 
adapted for the transmission of articulate speech by and according 
to the method described and claimed in said patent to Beil, No. 


174,465; and each of which embraces and embodies in one integral 


organization the inventions and improvements, or material and sub- 


stantial parts thereof, described and claimed in said patents to Bell, 
No. 174,465 and No. SL ateeievely; and still are making 
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and using, and furnishing to others for use, such electric speaking 
telephones, and causing the same to be made and used, and to be 
furnished to others for use, in violation and infringement of your 
orators’ exclusive rights in the premises; but precisely how long the 
defendants have made, used, furnishe.| to others for use, or sold 
such infringing telephones; or caused the same to be made, used, 
furnished to others for use, or sold; or what number of said infrin- 
ging telephones the defendants have so made, used, furnished to 
others for use, or sold; or so caused to be made, used, furnished to 
others for use, or sold; your orators are ignurant for want of a dis- 
covery thereof, and pray that the defendants be required to dis- 
close and set forth these matters in their answer hereto. 

27. The defendants have been, and are, deriving and receiving 
considerable gains and profits from and by reason of their making, 


using, furnishing to others for use, and selling the infringing tele- 


phones aforesaid, and thereby have been and are preventing your 
orators from exercising and enjoying in full measure the exclusive 
rights and privileges granted by the patents aforesaid; and thus 
have been, and are, depriving your orators of gains and profits to 
which your orators have been, andare, justly and equitably entitled. 
Furthermore, the defendants by taking advantage of the general ac- 
quiescence of the public in your orators’ exclusive rights aforesaid, 
and of the consequent absence of ordinary trade competition in 
respect to electric speaking telephones embracing the said patented 
inventions, have been able to ask and receive, and have in fact asked 
and received, for their said infringing telephones, prices greatly in 
excess of whut they could otherwise have obtained; and the defend- 
ants have thereby derived and acquired gains and profits which, 
but for the protection in the market afforded by the existence of 
your orators’ said patents, and by the generally respected rights of 
your orators thereunder, the defendants would never have been able 
to realize. 

All such gains and profits so derived and acquired by the defend- 
ants, and all gains and profits whatsoever which have arisen or ac- 
crued to the defendants from or by reason of their said: infringe- 
ments, belong of right to your orators, and would have been ob- 
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tained and received by your orators, except for the said wrongful 
acts of the defendants. 

28. The defendants have also taken advantage of the extensive 
demand created by your orators for electric speaking telephones em- 
bracing the patented inventions aforesaid, at prices and royalties 
commensurate with the expenditures of your orators in that behalf, 
and with the intrinsic value of the said patented inventions; and 
to the end of appropriating to themselves the trade which thus 
legitimately belongs to your orators under the protection of the pat- 
ents aforesaid, the defendants have put upon the market their said 
infringing telephones, and have offered and furnished the same at 
prices much less than those established by your orators, the 
American Bell Telephone Company, as reasonable and adequate com- 
pensation for the value of the patented inventions aforesaid, em- 
braced and embodied in the telephones of its own manufacture, and 
for the time, labor and expense bestowed by your orators in putting 
the said telephones into extensive use, and in creating the public 
demand therefor; and the defendants have thereby sought and 
attempted to disaffect the public in its recognition of your orators’ 
exclusive rights under the said patents, and to disturb and diminish 
your orators’ business of manufacturing and furnishing for use 
electric speaking telephones embracing the patented inventions 
aforesaid, and to unsettle and depress the prices and royalties cus- 
tomarily paid to your orators therefor; by reason wherevf the de- 
fendants have not only diverted to themselves gains and profits 
which justly and lawfully belong to your orators, but have other- 
wise greatly damaged and injured your orators. 

29. Your orators have requested the defendants to acknowledge 
their exclusive rights in the premises, and to desist and refrain from 
their said unlawful acts, and to account for and pay what is justly 
due to your orators by reason of the said infringements; but the 
defendants wholly refuse so to do. 

On the contrary, they still continue to make, use and furnish to 
others for use, and to cause to be made, used and furnished to 
others for use, the said infringing electric speaking telephones, and 
threaten and intend to continue so to do, in violation and infringe- 


ment of your orators’ exclusive 110 Dieeseeited at ecured in and b 
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said patents to Bell, No. 174,465 and No. 186,787, respectively ; 
and if the defendants are suffered so to continue the said infringe- 
ments, they will irreparably damage and injure your orators, and 
depreciate or destroy the value of the exclusive franchise to which 


your orators are entitled. under each of the patents aforesaid, and 


wiil deprive your orators of benefits aad advantages, for the loss of 
which there exists no adequate legal remedy. 

30. Your orators further show that, in addition to the relief 
herein sought against the defendants, they are likewise entitled to 
restrain each and every user of any infringing telephone or tele- 
phones which have been, or shall be, made and furnished or disposed 
of by the defendants in violation of your orators’ exclusive rights in 
the premises, and to recover and collect from each user thereof a 
suitable sum of money as and for damages and profits in consequence 
and growing out of such use ; an your orators, notwithstanding any 
proceedings in this cause against the defendants, do not waive any 
rights or remedies which they. may have aguinst each and every per- 
son who has, or shall have, used any of the said infringing telephones, 
but wholly insist upon their said rights and remedies, and aver and 
assert that they intend to pursue and enforce the same against every 
such user; but your orators further aver that the defendants are also 
liable to pay to your orators other sums of money as and for profits 
by them actually realized, and as and for damages by them directly 
vaused to your orators, by reason of their sa.d infringements and 
unlawful acts. 

31. To the end, therefore, that the defendants may, if they can, 
show why your orators should not have the relief herein prayed, and 
may, according to their best and utmost Knowledge, remembrance, 
informaticn and belief, but not under oath, which is hereby expressly 
waived, full, true, direct and perfect answer make to the matters 
hereinbefore stated and charged; and that the defendants may be 
decreed to account for and pay over to your orators all such gains 
and profits as have, and shall have, resulte land accrued to them from 
the said unlawful making, using, furnishing to others for use, or sell- 
ing of electric spernking telephones, embracing or embodying the in- 
ventions and improvements, or any material and substantial purt 
thereof, set forth and claimed | in anid Powel to Bell, No. 174,465 
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and No. 186,787, re-pectively ; and that in addition to the said prof- 
its to be so accounted for, the defendants may a'so be decreed to 
pay to your orators the damages which your orators have, and will 
have, sustained by reason of the said violation and infringement of 
their exclusive rights aforesaid, and which this honorable Court may 
assess or cause to be assessed, together with such increase thereof 
as your Honors may see fit to adjudge; and that the defendants, 
their attorneys, ageuts, workmen and servants, may be perpetually 
enjoined and restrained by the decree of this honorable Court from 
directly or indirectly making, using, furnishing to others for use, or 
selling any electric speaking telephones or telephonic apparatus 
whatsoever, embracing and embodying the inventi ns and improve- 
ments, or any material and substantial part thereof, set forth and 
claimed in said patents to Bell, No. 174,465 and No. 186,787, or 
either of them; and that the defendants may likewise be restrained 
and enjoined to the same effect while this cause is proceeding to 
final order and deeree; and that the defendants may be further de- 
creed to pay the costs of this suit; and that your orators may have 
such other relief as the equity of this case may require and as your 
Honors may deem to be just and right. 

52. May it please vour Honors to grant unto your orators not 
only a writ of injunction conformable to the prayer of this bill, and 
an interim injunction to the same effect, until further order, but also 
a writ of subpena, directcd to the said defendants, and each of them, 
and commanding them to appear and answer unto this bill of com- 
plaint, and to do and to receive what to your Honors shall seem meet 
in the premises. 

THE AMERICAN BELL TELEPHONE COMPANY, 
By W. H. Forses, 
President. 
UnITED STATES OF AMERICA, bss 
STATE AND Districr OF MASSACHUSETTS, § * 

At Boston, in said district on this first day of April, 1884, per- 
sonally appeared the above-named W. H. Forbes, and made oath ; 
that he is the President of the said American Bell Telephone Com- 
" be premises ; that 


nany.and dulv authorized 


| ENDORSED. | 


No. 15. April Sess., 1884. 
C. C. U.S., E. D. of Pa. 


AMERICAN. BELL TELEPHONE COMPANY ET AL. 


Vv. “ 


CLAY COMMERCIAL TELEPHONE COMPANY ET AL. 


BILL OF COMPLAINT. 
Filed April 24, 1884. 
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And afterwards, to wit, on the ninth day of August, A. D. 1884, 
the respondents, by their counsel, William W. Ker, Esq., and Fur- 
man Sheppard, Esq., come into court here and file their answers, 
which being read, are in the words following, to wit : 
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: he has read the foregoing bill of complaint, and understands the 


contents thereof; and that the same is true of his own knowledge, 


except such matters as are therein stated on information, which he 


believes to be true. 


Before me, 
[SEAL ] Puivie S. STONE, 
Notary Public, Suffolk Co. 


ANSWER OF THE CLAY COMMERCIAL TELEPHONE 
COMPANY. 


[FrreEp AvucusrT 9, 1884.] 


The sepxrate answer of The Clay Commercial Telephone Com- 
pany, one of the defendants, to the bill of complaint of the American 
Bell Telephone Company, and the Bell Telephone Company, com- 
plainants, against The Clay Commercial Telephone Company, and 
others, defendants. , 

This defendant, now and at all times hereafter saving and resery- 
ing unto itself all and all manner of benefit, and advantage of 
exception, which can or may be had or taken to the many errors, 
uncertainties and other imperfections, in the said complainants’ said 
bill of complaint contained, nevertheless for answer thereunto, or 
unto so many and such parts thercof as this defendant is advised is, 
or are, material or necessary for it to make answer unto, this defend- 
ant, answering, saith as follows : — 

This respondent has been informed, and believes it to be true, that 
the said Letters Patent of the United States for alleged improve- 
ments in telegrapby in the said bill mentioned, dated respec- 
tively March 7, 1876, No. 174,465, and January 30, 1877, 
No. 186,787, were issued to the said Alexander Graham Bell; but 


this respondent, upon information and belief, denies all and sin- 


gular the allegations in the said bill, that the said Bell was the 


original and first inventor of the alleged improvements described 


and claimed in said respective Letters Patent, and that the same had 
s 


not been known or used by others in this country, nor patented or 


described in any printed publication in this or any foreign country 
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before his alleged invention or discovery, and that the same had not 
becn in public use or on sale for more than two years prior to his 
said application for the said respective Letters Patent, but alleges 
the contrary thereof. And the respondent also denies that in the 
matter of said respective Letters Patent, and in the application 
therefor, and in the is-uing thereof, due proceedings were had in all 
respects according to the requi-itions of the statutes, and of the law, 
in ~uch case made and provided, but alleges the contrary thereof, 
and saith, upon information and belief, that said Letters Patent, 
No. 176,465, were irregularly, unlawfully, and improvideutly 
granted and issued, for the reason, among others, that they were 
granted and issued in disregard and to the neglect of certain pending 
‘“iverts and applications then on file in the Patent Office and with- 
out notice to the said caveators and applicants; wherefore the 
respondent saith that said Letters Patent were and are null and 
void ; and it prays that the complainants may be required to make 
due and legal proof of all and singular their allegations in that behalf 
in the said bill of complaint contained. 

The respondent further saith that in the matter of the said patent 
of the said Bell, dated March 7, 1876, No. 174,465, it was so pro- 
ceeded in the Patent Office that, on or about March 26, 1878, in 
accordance with the act of Congress in such case made and provided, 
an interference was declared by the Patent Office between the said 
Bell and divers other rival patentees, and applicants for patents, 
among whom was one James W. McDonough, who, on the tenth day 
of April, 1876, had filed in the Patent Ofhce an application for 
Letters Patent, embracing and claiming the substantial and material 
part or parts of the alleged invention or discovery claimed by the 
said Bell ia his said patent of March 7, 1876, No. 174,405; that 
the subject matter involved in the said interference was declared 
by the said Patent Office to be “a telephonic receiver consisting of 
the combination in an clectric circuit, of a magnet, and a diaphragm 
supported and arranged in clo-e proximity thereto, whereby sounds 
thrown upon the line may be reproduced accurately as to pitch and 
quality ”; that in the, course of said interference a large body of 


testimony was taken by the said Bell and by the said MeDonough 


respeclively, in which the eyj Cebbeteir conflicting claims to the 
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said invention or discovery was fully produced and investigated ; that 
after full consideration, and after the said Bell and the said 
McDonough had each been fully heard by said examiner, it was 
finally, on July 21, 1883, decided and adjudged by the said examiner 
of interferences that the said McDonough, and not the said Bell, was 
the first and original inventor of “a veceiver containing an electro- 
magnet and a diaphragm supported and arranged in close proximity 
thereto, and adapted to respond to variations in the electric current 
passing through the coils of the magnet, when used in connection or 
combination with a transmitter adapted to create sound-producing 
fluctuations in the electric current, whether said electrical variations, 
waves, pulsations, or undulations represented or are derived from 
sound waves, or mechanical vibrations ”; that the apparatus thus 
described is identical in construction, operation, and effect with that 
shown, described and claimed in the said Bell patents, where it is 
used both as a transmitter and a receiver; that it was furthermore 
decided and adjudged by the said examiner that it was “ satisfactorily 
‘ proved” that said McDonough made and used the said invention 
above mentioned, as early at least as May, 1875; and that, as to the 
claim thereto by the said Bell, upon the evidence subinitted, it was 
‘impossible to find that he had conceived, much less disclosed, the 
invention in issue,” and that “he does not pretend to have constructed 
such a receiver, prior to July, 1875.” Thereupon, priority of inven- 
tion was formally and publicly and duly awarded to the said 
McDonough; and inasmuch as said decision of the said Patent 
Office is still subsisting in full force and effect, it is in law, as the 
respondent ts advised, to be deemed and taken, by the adjudication 
of the tribunal in such ease made and provided, that the funda- 
mental principle and the substantial devices of the said patents of 
the said Bell were anticipated by the said MeDonough, and that he, 
the said MeDenough, and not the said Bell, is the first and original 
inventor or discoverer thereof, and is the person who is legally 
entitled to receive the Letters Patent therefor. 

And the respondent, further answering, upon information and belief, 
saith that the said McDonough, upon due application therefor, re- 
ceived from the said Patent Office three several Letters Patent, 
numbered and dated as follows, and containi 


ng claims which em- 
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hae tere 


‘race substantial and material parts of the things patented by the 
suid Bell, the said patents of the said McDonough being respectively 
as follows :— 

No. 245,534, dated August 9, 1881, in which the claim is as 
follows : — 

©The combination, substantially as hereinbefore set forth, for a 
telephone-receiving apparatus, of a helix and magnet, and connect- 
ing post, to which the wires ot the helix are joined, mounted in one 
end of a frame or holder of wood or such like insulating material; a 
membrane mounted on the opposite end of said frame or holder, a 
portion of the face of which membrane presents a material, attached 
to and supported wholly thereby, capable of being attracted by the 
magnet, and in close proximity thereto, so that the said membrane 
shall be caused to vibrate by the action of pulsations in an electric 
current in the helix around the magnet, with a sound recess at the 
opposite side of the membranes from the magnet, to confine the 
sounds received therein and exclude exterior sounds from the ear of 
the listener, and adapted at the same time to allow the ear of the 
listener to be placed in close proximity to the membrane, all con- 
structed and arranged to operate substantially in the manner 
described,” 

No. 248,002, dated October 4, 1881, in which the elaim is as fol- 
lows :— 

“The combination, substantially as hereinbefore set foith, of a 
transmitting membrane, composed of vellum or any suitable mate- 
rial that is sensitive to the vibrations of sound, and two pieces of ¢ mn- 
ducting material attached to and receiving motion from the same, 
and included in an electric circuit, a circuit controller resting upon 


said plates, and suitable means, as shown and described, for adjusta- 


4 
— 


bly limiting the vibrations of the controller with relation to said 
plates, the whole com)ined to operate substantially in the manner 
and for the purpose set forth.” 

No. 246,800, dated September 6, 1881, in which the claim is as 
follows :— 

“The combination, substantially as hereinbefore set forth, of a 
magnet, a helix, and a receiving membrane, a portion of the face of 


which presents a naterglattacbe nd supported wholly by the 


Sa 
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membrane, capable of being attracted by the magnet and in close 
proximity thereto, with connecting wires, a voltaic battery, and a 
transmitting membrane, conducting pieces, connected thereto and to 
the circuit wires, a circuit controller resting upon said pieces and 
entirely supported thereby, and arranged to vibrate in connection 
with the membrane, and a regulating nut to limit the movement of 
the controller with relation to said coutact-picces, all combined to 
operate in the manner set forth, so that the said controller, when at 
rest, completes the circuit of the battery, and when in motion, by 
means of sound waves, causes electrical pulsations in the connecting 
wires and helix around the m:gnet, and vibrations of the membrane 
of the receiver.” 

And the respondent further saith, on information and belief, that 
in or about November, 1881, the United States Telephone Manufae- 
turing Company, as owner of the above-mentioned patents of the said 
James W. McDonough, or as working thereunier, filed a bill in 
equity in the Circuit Court of the United States for the District of 
Connecticut against the Connceticut Telephone Company, licensed 
under the said patents of the said Bell, or interested therein and 
working and operating thereunder, in which said bill said Me- 
Donough asserted his rights as prior inventor under his said pitents, 
and alleged and charged that the devices described by the said Bell 
in his said patents, and made and used under the same by the de- 
fendant in said suit, were violations and infringements of the right 
and title of him, the sail McDonough, under the Letters Patent 
issued to him as aforesaid; that it was asserted ancl as matter of de- 
fence claimed by the defendant in the said suit, that the said Ameri- 
ean Bell Telephone Company bad, by centract and agreement 
with said McDonough, during the penlency of the sai! interference 
above mentioned, acquired all his right, title, and interest under tlie 
said Letters Patent, in consideration of a sum of money paid or to be 
paid or secured to him, the said McDonough; that said suit is pro- 
ceeding to final hearing, a large amount of testimony having been 
tuken therein; that it involves, as between the said patents of the 
se’. Bell and the said patents of the said McDonough, the originality 


of the substantial and material part or parts of the claims of the said 


Bell, and is now pending and undetermined in said court. And the 


24 ANSWER OF CLAY COMMERCIAL TELEPHONE CO. 


respondent further saith, that the alleged acquisition by the succes- 
sors of said Bell, of the right of the said McDonough under said tnter- 


ference, was osten-ibly claimed by them to be merely for the pu: pose 


of quieting their licensees, and protecting them from possible litiga- 


tion and anuvoyauce in case the said MeDonough should be successful 
in establishing the priority claimed by him in said interference. But 
the respondent, upon information and belief, saith that the sum 
oflered or agreed to be paid or secured by the success: rs of the said 
Bell, under the said alleged agreement of acquisition, was about the 
sum of $300,000, and that this sum was offered or agrecd to be paid, 
not, as pretended, for the purpose of avoiding litigation, but really 
from a consciousness, knowledge, and belief that the claims of the 
patents of the said Bell were invalid for want of originality, and 
that, in or.’er to save said patents, it was a matter of necessity 
to buy off the real inventor, even at the cost, fully or approxi- 
mately, of the very large sum of $300,000. 

Further, this respondent saith, upon information and belief, 
that the said Bell, on or about the ninth day of December, 1876, 
enused Letters Patent to be taken out in his behalf at London, in the 
Kingdom of Great Britain, and that, thereaftcr, in consequence of 
evidence produced in judicial proceedings, or which otherwise be- 
came public, he, or his representatives in that behalf, made and filed 
certain alterations and disclaimers in the specification or description 
forming a part of said English Letters Patent, thereby disclaiming 
many and material matters and things, which, in this country, are 
claimed by and in bekalf of said Bell, whereby the patented claims 
made by or in behalf of the said Bell, in Great Britain, and those 
made by him, or in his behalf, in this country, have become, and are, 
repugnant to, and inconsistent with, each other. 

Further, as respects said Letters Patent, dated January 30, 1877, 
and numbered 186,787, this respondent saith that substantial and 
material parts of the things therein and thereby described and 
claimed, were theretofore described and claimed by the said Bell in 
the said prior Letters Patent of March 7, 1876, No. 174,465; also, 
that substantial and material parts of the things described and claimed in 
said Letters Patent of January 30, 1877, No. 186,787, were described 
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and claimed in prior foreign Letters Patent of the Kingdom of Great 
Britain, taken out by and for the said Bell, and in his behalf, in the 
city of London, in England, which said last-mentioned foreign 
Letters Patent bear date on or abont the ninth day of December, 
A. D., 1870; and that, inasmueh as said subsequent Letters Patent of 
the United States, numbered 186,787, do not bear even date with the 
said foreign Letters Patent, and are not limited to expire therewith, 
the said last-mentioned Letters Patent of the Unitcd States were, 
and are, therefore, null and void. 

As to the all: ged title of the complainants set forth in the third 
and fourth paragraphs of said bill, this respondent saith that it has 
no knowledge or information, save as derived from s:ime bill, con- 
cerning the same, or that the said complainants are corporations 
duly established under the laws of the State of Massachusctts and of 
the State of Pennsylvania, respectively ; and it further says that it 
is advised, and it necordingly submits, that the said alleged title 
as set forth in said bill does not authorize the complainants to bring 
or maintain this bill, or to assert the rights and claim the relief in 
manner and form as they are therein and thereby asserted a:d 
claimed ; and also that the said bill is defective for want of proper 
and sufficient parties thereto. And the respondent prays that it 
may be entitled to the benefit and advantage of said objections and 
exceptions in like manner as if it had formally demurred or pleaded 
to said bill for said causes ; and it also prays that the said complain- 
ants may be required to make due proof of all and singular the 
grants, assignments and licenses in said bill mentioned, and of their 
allegations in this behalf. 

Further answering, this respondent saith that it does not admit it 
to be true, but, on the contrary, denies it to be true, as in said bill 
alleged, that electric speaking telephones had never been publicly 
known or used before the grant of said patent, No. 174,465, or that 
they were first publicly made known by said Bell and were, by him 
and his licensees, first introduced into public use under the said 
patents, No. 174,465 and No. 186,787, or that the fact that said 
Bell was the original and first inventor of said alleged inventions, 
and that the patents above named are good and valid patents has 
been generally recognized and acknowledged by those who have 
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used the said alleged inventions and by the public generally in all 
parts of the United States, or that the claims of the said Bell and of 


the American Bell Telephone Company, and their predeces-ors, to 


the exclusive right to said alleged inventions have been generally 


acknowledged and acqieseed in, or that several persons have desisted 
from attempting to make, sell and use telephones, or parts thereof, 
embracing said alleged inventions, from recognition of the claims of 
the complainants as valid, or that by reason of any acts of this 
re~pondeut, the American Bell Telephone Company and its prede- 
cessors would have hitherto almost universally enjoyed the sole and 
exclusive right to practise said alleged inventions. This respondent 
is not informed, save in and by said bill, how many persons have 
put said alleged invention in use, or how many telephone exchanges 
under license from the complainants now exist, or in how many 
towns they exist, or whether they pay reyalty to the said complain- 
ants. The respondent, however, admits that telephoues of divers 
forms have been largely and extensively introduced and used 
throughout the United States, but it denies that such introduction 
and use are due to, or are x recognition of, and acquiescence in, the 
claims by said Bell, or by his successors, under said patents, and, 
on the contrary, alleges that such introduction and u-e have, to a 
very great extent, arisen from, or been accompanied with, a disre- 
gard, rejection and repudiation of such claims, and bave been in 
defiance and in despite thereof. 

This respondent furthermore Cenies it to be true, as in said bill 
alleged, that the transmission of articulate speech telegraphically, 
according to the method alleged to have been invented by the said 
Bell, and patented to him by the two several patents aforesaid, con- 
stituted an entirely new industrial art, or that the manufacture and 
introduction into use of instruments and apparatus for such purpose 
is an industry which was originally created under the said patents 
to the said Bell, and which has been developed wholly and solely 
by the owners of the said patents and their licensees; or that per- 
sons attempting to make, sell, use, or furnish for use, electric speak- 
ing telephones without license from the complainants, not only 
violate the exclusive rights claimed to be granted by said patents, 


but avail themselves of the knowledge and experience which have 
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been gained by the long-continued labors, trials, efforts, and expen- 
ditures of the complainants, their predecessors and licensees, in the 
development of the telephone and the introduction thereof into use. 
On the contrary, this respondent, upon information and belicf, saith 
that these allegations and claims are directly contrary to, and in 
direct conflict with, the publicly well known and the printed and 
published history of telephony, wherein and whereby it appears that 
researches and practical and successful results in the said art began 
and were attained long prior to any supposed discovery or inven- 
tion therein by the said Bell; that very large numbers of persons in 
this country aud in foreign countries devoted their labor and _ skill 
to the creation and development vf said art long prior to said Bell, 
and concurrently with him, and thereby anticipated the alleged in- 
ventions of the said Bell mentioned in the said patents, or contributed 
thereto; that the present establ.shed success of telephony, and the 
merit and excellence of the methods and devices employed therein, 


are due to the labors of many persons, and to a large number of 


patents which have been granted in this country as well as in foreign 


countries ; that the said Bell, instead of being entitled thus to claim 
and appropriate exclusively unto himself the general economic and 
commercial results and the practical benefit of the combined studies, 
investigations, and aptitude of other persons in the said art, all of 
whom have successively and independently contributed to the high 
degree of development, efficiency and value which it has now 
attained, is himself but one among many persons of equal merit and 
originality who have labored in this behalf; that his alleged dis- 
coveries or inventions, without the aid and employment of the inven- 
tions and discoveries of others, were incapable of accomplishing 
such results as those mentioned and claimed in said bill, and could 
never have produced, and in fact never did produce, a practically 
effective, satisfactorily working, or commercially successful tele- 
phone; that speaking tclephones arranged and constructed in the 
manner mentioned and set forth in the said patent of the s:vid Bell, 
No. 174,465, have never becn put in use, and are of no commercial 
value, and have never been made, except tentatively or experimen- 
tally, and have never been on sale, and are, for practical purposes, 
without utility and ineffivient and worthless ; that the said complain- 
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ants, or their predecessors in title, have, from time to time, since the 
grant of said patents, systematically, and as a part of their commer- 
cinl policy aud business methods, bargained, settled and compro- 
mised with, ortuken into their service, pay and employment, divers 
persons who had anticipated the alleged inventions or discoveries of 
the said Bell, or substantial and material parts thereof, and who 
made claim thereto, whereby the said Bell and his successors in title 
were enabled to control, withhold and suppress Important testimony 
which would otherwise have become generally known, and would 
have re-tricted, damaged or destroyed the claims or pretensions 
made under or in behalf of said patents, and were also enabled to 
acquire for themselves a market, and an extent of business, and, for 
a considerable period of time, almo-t a monopoly, which they could 
not, and would not, otherwise have acquired, and to which they 
were not rightiy and by intrinsic merit entitled. 

Respondent, upon information and belief, saith that the com- 
plainants do not themselves, in fact, mnke, sell or use the devices 
described and claimed in the said patents; that the apparatus or in- 
strument made, used an! sold by the complainants is an assemblage or 
aggregation of various devices, which are the invention or discovery 


_ 
an 


of divers other persons whose respective rights and titles have been 
from time to time purchased, or otherwise acquired by the complain- 
ants, which devices are not described by or included within the said 
pateits ; that the material devices described in the said patents were 
long since abandoned by the said complainants, or their predecessors 
in title, as impracticable, and the further attempted use of the same 
was discontinued ; and that such abandonment and disuse are well 
known and notorious, and have been mentioned at least as far back as 
the year 1878, in various publications devoted to this subject, as, for 
example, in the Journal of the Society of Telegraph Engineers, pub- 
lished in London, as will appear by reference to the volume of said 
journal for said last-mentioned year. 

As respects the various suits and legal proceedings mentioned in 
said bill in paragraphs numbered from seven to twenty-two, each 
inclusive, this respondent, upon information and belief, answering, 
suys that said proceedings, and the facts in the said suits respec- 
tively, are no 
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said bill; that this respondent was not a party thereto or to any of 
them, but was and Is a stranger thereto, and is not legally or other- 
wise bound or affected by the results thereof; that the devices used 
by the respective defendants therein were not similar in their sub- 
stantial and material parts, or in their mode of operation, to the 
devices and mode of operation used by this respondent; that many 
of said suits were not hostilely or earnestly contested or conducted, 
and were not litigated in good faith; that many of them were ter- 
minated by settlements and agreements made by and between the 
respective parties thereto, with mutual concessions by, and mutual 
gain and advantage to, both of said parties; that none of them have 
been reviewed or passed upon by the court of last resort; that the 
principal aim and design of the litigation in many of said suits were 
to obtain, or to prevent, some commercial or business purpose, or to 
accomplish some collateral, adventitious or speculative object, irre- 
spective of the legal questions arising upon the Letters Patent 
therein sued upon, and irrespective of the legal determination of the 
questions of originality and of infringement arising in said suits; 
that much of the evidence mentioned and set forth in the statements, 
averments, and references to patents, publications, and persons, 
which is contained in this respondent’s answer, was not before the 
courts in the said suits; that since the commeucement of suid suits 
the general subject matter of said litigation, and many of the mate- 
rial specific questions involved, have received much fuller and more 


accurate Investigation, elucidation and illustration by divers scientific 


‘and skilled persons in this country and in foreign countries, whereby 


new principles and facts have been ascertained, new views have 
been elicited and earlier views disproved, experience in telephony 
has been enlarged, research into its earlier history has been ex- 
tended, and the knowledge appertaining to the general subject has 
been greatly increased, expanded and enriched; that the views 
expressed by the courts in said suits are not, in many substantial 
and material respecis, accordant and consistent with each other, or 
justified by the actual testimony and facts before the said courts, or 
in harmony or agreement with other judicial opinions, or with the 
present prevailing or preponderating scientific belief; and that the 
opinions formed and expressed in said suits, and the decrees ren- 


8 
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dered therein, were largely based upon, or influenced by, unproven 
and unwarranted assumptions both of fact and of scientific prin- 
ciples, and upon agreements of counsel, or concessions made by 
counsel, and upon feeble, imperfect, insufficient and inadequate de- 
fences, and in a large number of said cases upon an entire absence 
of defence. 

And inasmuch as the said complainants have in their said bill 
mentioned and introduced said legal proceedings, and have sought 
to derive a benefit and an advantage therefrom, and to establish a 
right by virtue thereof, this respondent is advised that it thereby 
becomes entitled, and it accordingly prays leave, to avail itself of the 
sume, and to refer to and produce the pleadings, docket entries, 
testimony, judgments, and decrees therein respectively, with like 
effect as if the same were now here fully and at large set forth. 

This respondent denies it to be true, as in said bill alleged, that it 
has at the city of Philadelphia, or elsewhere, since the first day of 
February, in the year 1884, or at any otber time, made and used, or 
furnished to others to be used, or sold, or caused to be sold, electric 
speaking telepbones, constructed and adapted for the transmission of 
articulate speech, by and according to the method described and 
claimed in said patent to the said Bell, No. 174,465, and embracing 
and embc dying in one integral organization the alleged inventions 
and improvements, or material and substantial parts thereof, de- 
scribed and claimed in said patents to said Bell, No. 174,465 and 
No. 186,787 respectively. On the contrary, this respondent saith, 
that the telephones made, used and sold by it have been made and 
eonstructed under and in pursuance of certain Letters Patent of the 
United States, issued and granted, upon due application, and in econ- 
formity with law, unto one Henry Clay, as the first and criginal in- 
ventor of said patented improvements respectively, and by him duly 
assigned to this 1espondent, which said Letters Patent are respec- 
tively of the dates, numbers, and titles, following; to wit, May 8, 
1883, No. 277,112, for a new and useful improvement in Tele- 
phones ; July 3, 1883, No 280,351, for Switch-board for Tele- 
phones; July 3, 1883, No. 280,451, for Telephone Call-bell ; July 
3, 1883, No. 280,580, for Transmitter for Telephones; Nov. 6, 
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ent saith, that the devices and methods of operation set forth in these 
said several Letters Patent, and used by the respondent, are not 
similar to, but are wholly different from, the devices described and 
claimed in the said Letters Patent of the said Bell, and are not vio- 
lations or infringements of said Letters Patent, and do not embody 
or embrace the method, principle, operation, or construction therein 
or thereby set forth, described and claimed. 

This respondent further saith, that the two several Letters Patent 
in the said bill mentioned embrace, numerically, thirteen claims ; 
that said bill does not indicate which of said several claims are in- 
fringed by this respondent; that the patent of Jan. 30, 1877, No. 
186,787, is for certain specific devices, modes of operation, or com- 
binations, none of which are used or employed by this respondent ; 
and that ss respects the patent of March 7, 1876, No. 174,465, the 
system, combination, methods and devices claimed therein, are not 
used or employed by this respondent; and the more comprehensive 
claims therein are based upon distinctions, suppositions and theories, 
none of which, even if the same be true, original, and patentable, 
which this respondent denies, have any relevancy, pertinency or ap- 
plicability to the devices or methods employed by this respondent. 

And furthermore, as respects said patent, No. 174,465, and the 
respective claims thereof, the respondent saith that the telephonic 
devices used by it do not constitute a system of telegraphy in which 
a receiver is set in vibration by the employment of undulatory cur- 
rents of electricity as set forth in said patent; nor do the respond- 
ent’s devices contain a combination of a permanent magnet and a 
conducting wire, in which the conducting wire can be set in vibration 
in the neighborhood of the permanent magnet, or the permanent 
magnet can be set In vibration in the neighborhood of the conducting 
wire, or in which the permanent magnet and the conducting wire 
both simultaneously can be set in vibration In each other’s neighbor- 
hood; nor do the respondent’s devices produce undulations in a con- 
tinuous voltaic current by means of the motion or vibration of bodies 
eapable of inductive action, or of the conducting wire in the neigh- 
borbood of such bodies; nor do they produce undulations in a nee 
tinuous voltaic current by gradually increasing and diminishing the 


resistance of the circuit, or the power of the battery as set forth in 
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said patent; nor do said devices embody the method or apprratus 
described in said patent for transmittirg vocal or other sounds tele- 
graphically in manner and form as set forth in said patent. 

And as respects said Letters Patent No. 186,787, the respondent 
saith that it does not use an electric circuit, connecting two or more 
instruments, or electric transmitting and receiving instruments, 
united upon an electric circuit, as set forth in said patent; nor 
does the respondent use the combination with an electro-mnagnet of a 
plate of iron or steel, or other material, which is thrown into vibra- 
tion by the movement of surrounding air, or by the attraction 
of a magnet as a transmitting instrument; nor does it use the 
means described in said patent of adjusting the relative position 
of a plate and electro-magnet, nor the mechanical equivalents 
thereof; nor does it use in combination with a telephone, such 
as described in said patent, a coil upon the ends of a magnet, 
a sounding box ora speaking or hearing tube, or the combination 
of a permanent magnet with a plate, with coils upon the end or ends 
of said magnet nearest the plate, in minner and form as set forth 
and claimed in said patent. 

And further answering, this respondent, upon information and 
belief, saith that the said respective Letters Patent, in the said bill 
mentioned, were and are nulland void, and that the said complainants 
are not entitled to the relief prayed thereby, or any relief against 
this respondent, for the further reason, among others, that the said 
alleged invention or discovery in said respective Letters Patent 
mentioned, described or claimed, or the substantial and material 
part or parts thereof, claimed as new and original, was or were, prior 
to the alleged invention or discovery thereof by the said Bell, known 
to and used by divers persons, and among others, by the follow- 
ing named persons, respectively, who used the same at the following 
named places, respectively, to wit : — 

James W. McDonough, now or late of Chicago, in the State of 
Illinois, who used the same at said Chicago and at New York City, 
and elsewhere. 

Daniel Drawbaugh, now or late of Eberly’s Mills, county of Cum- 
berland, in the State of Pennsylvania, who used the same at said 


Eberly’s Mills aforesaidga oie 
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Elisha Gray, now or late of Highland Park, in the State of IIl- 
nois, who used the sume at Cleveland, in the State of Ohio, and at 
said Highland Park, and elsewhere. 

Thomas A. Edison, now or late of Menlo Park, in the State of 
New Jersey, who used the snme at said Menlo Park and at New 
York City, and elsewhere. 

Amos E. Dolbear, now or late of Somerville, in the State of Mas- 
sachusetts, who used the same at said Somerville, and elsewhere. 

Philip H. Vanderweyde, now or late of Brooklyn, in the State of 
New York, who used the same at New York City, and el-ewhere. 

W. F. Channing, now or late of Providence, in the State of Rhode 
Island, who used the same at said Providence, and elsewhere. 

Benjamin F, Edwards (now deceased ), formerly or late of Boston, 
in the State of Massachusetts, who used the same at said Boston, 
at Washington in the District of Columbia, at New York City, and 
elsewhere. 

James Hambiett, Jr., now or late of Brooklyn, in the State of 
New York, who used the same at Boston, in the State of Massachu- 
setts, at Washington in the District of Columbia, at New York City, 
and elsewhere. 

Edward Farrand, now or late of Keene, in the State of New Hamp- 
shire, who used the same at said Keene, and elsewhere. 

Antonio Meucci, now or late of Clifton, in Staten Island, in the 
State of New York, who used the same at said Clifton, at New York 
City, and elsewhere. 

W. 5S. Voelker, now or late of Morton, in the State of Pennsylva- 
nia, who used the same at Philadelphia in said State, at said Mor- 
ton, and elsewhere. 

Edward E. Pickering, now or late of Cambridge, in the State of 
Massvchusetts, who used the same at Boston, and also at said Cam- 
bridge, in said State. 

A. G. Holcombe, now or late of Newport, in the State of Rhode 
Island, who used the same at said Newport, and elsewhere. 

In addition to the foregoing persons this respondent, upon infor- 
mation and belief, saith that divers other persons had similar prior 
knowledge, and made similar prior use of said alleged invention or 
discovery, whose names and residences, and the places of which use, 
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sald patent; nor do said devices embody the method or appzratus 
described in said patent for transmittirg vocal or other sounds tele- 
graphically in manner and form as set forth in said patent. 

And as respects said Letters Patent No. 186,787, the respondent 
saith that it does not use an electric circuit, connecting two or more 
instruments, or electric transmitting and receiving instruments, 
united upon an electric circuit, as set forth in said patent; nor 
does the respondent use the combination with an electro-magnet of a 
plate of iron or steel, or other material, which is thrown into vibra- 
tion by the movement of surrounding air, or by’ the attraction 
of a magnet as a transmitting instrument; nor does it use the 
means described in said patent of adjusting the relative position 
of a plate and electro-magnet, nor the mechanical equivalents 
thereof; nor does it use in combination with a telephone, such 
as described in said patent, a coil upon the ends of a magnet, 
a sounding box ora speaking or hearing tube, or the combination 
of a permanent magnet with a plate, with coils upon the end or ends 
of said magnet nearest the plate, in minner and form as set forth 
and claimed in said patent. 

And further answering, this respondent, upon information and 
belief, saith that the said respective Letters Patent, in the said bill 
mentioned, were and are null and void, and that the said complainants 
are not entitled to the relief prayed thereby, or any relief against 
this respondent, for the further reason, among others, that the said 
alleged invention or discovery in said respective Letters Patent 
mentioned, described or claimed, or the substantial and material 
part or parts thereof, claimed as new and original, was or were, prior 
to the alleged invention or discovery thereof by the said Bell, known 
to and used by divers persons, and among others, by the follow- 
ing named persons, respectively, who used the same at the following 
named places, respectively, to wit : — 

James W. McDonough, now or late of Chicago, in the State of 
Illinois, who used the same at said Chicago and at New York City, 
and elsewhere. 

Daniel Drawbaugh, now or late of Eberly’s Mills, county of Cum- 
berland, in the State of Pennsylvania, who used the same at said 
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Elisha Gray, now or late of Highland Park, in the State of IIli- 
nois, who used the sume at Cleveland, in the State of Ohio, and at 


| said Highland Park, and elsewhere. 
Thomas A. Edison, now or late of Menlo Park, in the State of 
( New Jersey, who used the same at said Menlo Park and at New 
| ' York City, and elsewhere. 


Amos E. Dolbear, now or late of Somerville, in the State of Mas- 
sachusetts, who used the same at said Somerville, and elsewhere. 
Philip H. Vanderweyde, now or late of Brooklyn, in the State of 
New York, who used the same at New York City, and el-ewhere. 
W. F. Channing, now or lste of Providence, in the State of Rhode 
Island, who used the same at said Providence, and elsewhere. 
Benjamin F. Edwards (now deceased ), formerly or late of Boston, 
in the State of Mussachusetts, who used the same at said Boston, 

‘ | at Washington in the District of Columbia, at New York City, and 

} elsewhere. 

James Hambiett, Jr., now or late of Brooklyn, in the State of 
New York, who used the same at Boston, in the State of Massachu- 
setts, at Washington in the District of Columbia, at New York City, 

. and elsewhere. 

Edward Farrand, now or late of Keene, in the State of New Hamp- 
shire, who used the same at said Keene, and elsewhere. 

Antonio Meucci, now or late of Clifton, in Staten Island, in the 
State of New York, who used the same at said Clifton, at New York 
City, and elsewhere. 

W. 5. Voelker, now or late of Morton, in the State of Pennsylva- 

fi nia, who used the same at Philadelphia in said State, at said Mor- 


ton, and elsewhere. 
| Edward E. Pickering, now or late of Cambridge, in the State of 
A Massvchusetts, who used the same at Boston, and also at said Cam- 


bridge, in said State. 
A. G. Holcombe, now or late of Newport, in the State of Rhode 
Island, who used the same at said Newport, and elsewhere. 


In addition to the foregoing persons this respondent, upon infor- 


mation and belief, saith that divers other persons had similar prior 


knowledge, and made similar prior use of said alleged invention or 


discovery, whose names and residences, and the places of which use, 
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When the same shall have been more fully ascertained, the respond- 
ent re-pectfully craves leave hereafter to set forth by way of supple- 
ment, amendment or addition to this answer, with like effect as if 
the same were now here mentioned and contained. 

This respondent, upon information and _ belief, also saith that the 
suid respective Letters Patent in the said bill mentioned were and 
are null and void, and that the said complainants are not entitled to 
the relief prayed, or any relief, against this respondent, for the fur- 
ther reakon, among others, that the said alieged invention or discov- 
ery, in said respective Letters Patent mentioned, described or 
claimed, or the substantial and material part or parts thereof, 
claimed as new and original, had been, prior to the alleged inven- 
tion or discovery thereof by the said Bell, mentioned, described or 
claimed in divers Letters Patent, granted and issued to divers per- 
sons, and among others to the following-named persons respectively, 
and dated and numbered respectively as follows, to wit: — 

Letters Patent of the United States, No 166,695, dated July 27, 
1875, granted to Elisha Gray. 

Letters Patent of the United States, No. 141,777, dated August 
12, 1873, granted to Thon.as A. Edison and George Harrington. 

Letters Patent of the United States, No. 156,897, dated Novem- 
ber 17, 1874, granted to William Thomson. 

Letters Patent of Great Britain, No. 8,345, dated January 21, 
1840, granted to Charles Wheatstone. 

Letters Patent of Great Britain, No. 2.646, dated July 29, 1879, 
granted to J. H. Johnson. 

Letters Patent of Great Britain, No. 974, dated March 16, 1875, 
and granted to John Henry Johnson. 

Letters Patent of the United States, No. 165,728, dated July 20, 
1875, and granted to Elisha Gray. 

Letters Patent of the United States, No. 166,094, dated July 27, 
1875, and granted to Elisha Gray. 

Letters Patent of the United States, No. 173,460, dated February 
1d, 1876, and granted to Elisha Gray. 

Letters Patent of the United States, No. 173,618, dated February 
15, 1876, and granted tw Elisha Gray. 
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Letters Patent of Great Britain, No. 1,874, dated May 1, 1876, 
and granted to George Tomlinson Bousfield. 

Letters Patent of the United States, No. 186,340, dated January 
16, 1877, and granted to Elisha Gray. 

Letters Patent of the Dominion of Canada, No. 4,749, dated July 
7, 1875, and granted to Elisha Gray. 

Letters Patent of the United States, No. 175,971, dated April 11, 
1876, and granted to Elisha Gray. 

Letters Patent of Great Britain, No. 938, dated April 27, 1858, 
and granted to David Hughes. 

Letters Patent of Great Britain, No. 1,044, dated October 8, 
1870, to Cromwell Fleetwood Varley. 

Letters Pitent of the United States, No. 78,495, dated June 2, 
1868, to Cromwell Fleetwood Varley, for impruvement in tele- 
graphing. 

Letters Patent of Great Britain, to Edwin Chabot, executor of 
George Tomlinson Bousfield, for an Invention relating to Electro- 
harmonic Telegraphs, bearing date May 4, 1876, No. 1,874. 
Letters Patent of Great Britain, to Peter Jensen, dated September 

2, 1874, No. 2,999, for an [Invention of Improvements in Transmit- 
ting and Printing Telegraphic Messages and in apparatus therefor. 

Letters Patent of Great Britain, to Peter Jensen, for an Invention 
of Improvements in Telegraphy, dated February 29, 1876, No. 843. 

Letters Patent of the United States, to Thomas Alva Edison, for 
Telegraphic Apparatus, bearing date January 19, 1875, No. 158,787. 

Letters Patent of Great Britain to William Petrie, for Electro- 
magnetic Engine, dated April 27, 1841, No. 8,937. 

Letters Patent of Great Britain, to Séren Hjorth, for Electro- 
magnetic Engine, dated October 11, 1854, No. 2,199. 

Letters Patent of Great Britain, to Alfred Apps, for Electrical 
Apparatus, dated January 24, 1867, No. 177. 

Letters Patent of Great Britain, to Sir William Thomson, for 
Electrical Telegraph Transmitting Instruments, dated November 23, 
1870, No. 3,069. 

Letters Patent of Great Britain, No. 11,894, dated October 7, 


1847, and granted to Pierre Antonie Joseph Dujardin, for Improve- 
ments in electro-magnetic appliances. | 
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Letters Patent of Great Britain, No. 2,103, dated September 17, 
1855, and granted to Charles Tilston Bright and Edward Brailsford 
Bright, for Improvements in Electric Telegraphs, and in apparatus 
connected therewith. 

In addition to the foregoing Letters Patent, the respondent, upon 
information and belief, saith that divers other Letters Patent of this 
country, and of foreign countries, have been granted to divers per- 
sons for the said alleged invention, or discovery, the particulars of 
which, when the same shall have been more fully ascertained, the 
respondent respectfully craves leave hereafter to set forth by way of 
supplement, amendment or addition to this answer, with like effect 
as if the same were now here mentioned and contained. 

Further answering, this respondent, upon information and belief, 
saith that the said respective Letters Patent in the said bill men- 
tioned were and are null and void, and that the said complainants are 
not entitled to the relief prayed, or any relief, against this respond- 
ent, for the further reason, among others, that the said alleged in- 
vention or discovery in said respective Letters Patent mentioned, 
described or claimed, or the substantial and material part or parts 
thereof, claimed as new and original, had been prior to the supposed 
invention or discovery thereof by the said Bell, made known, men- 
tioned and described in divers printed publications, and, among 
others, in the following, and in the publications cited, mentioned or 
referred to therein respectively, to wit : — 

Electricity and Magnetism; by Fleeming Jenkins, published in 
London, England, and New York, N. Y., in the year 1873, at pages 
353 and 334, and others. 

The Electric Telegraph ; by R. Sabine, published in London, Eng- 
land, in the year 1867, at pages 45, 46, 186, 137, 138, and others. 

The Electric Telegraph ; by Dr. Lardner, new edition revised by 
E. B. Bright, published in London, England, in the year 1867, at 
pages 164, 165, 166 and 167, and others. 

The Telegraph Journal; published in London, England, in the 
year 1872, Vol. I., at page 4, and others. 

Electricity ; by R. H. Ferguson, published in London, England, 
and at Edinburgh, Scotland, in the year 1867, at pages 257, 259, 


and others. 
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The Telegrapher; published in New York, N. Y., in the year 
1869, Vol. V., No. 39. | 

The Manufacturer and Builder; published in New York in the 
year 1869, Vol. I., at page 129, and others. 

Wonders of Electricity; by J. Baile, published in New York in 
the year 1872, at pages 140, 141, 142, 143, and others. 

The Telegraph Journal; published in London in the year 1875, 
Vol. Ill., at pages 286, 287, 288, and others; also same Journal 
for May 15, 1876, pages 148-9, and others; also same Journal for 
Octuber 1, 1876. 

Transactions of Royal Scottish Svciety of Arts; published in 
Edinburgh, Scotland, Vol. VI., 1864, Appendix Q, at pages 184, 
187, and others. 

Annual Report of the American Association for the Advancement 
of Science, for 1869, on the Audible Transmission of Musical Mel- 
odies by Means of the Electric Telegraph, by P. H. Vanderweyde, 
page 278. 

Knight’s American Mechanical Dictionary, 1876, Article Tele- 
phone, pages 2, 514, and others. 

London Telegraph and Electric Review ; Vol. I., November, 1872, 
1873. 

Journal of the Franklin Institute; published in Philadelphia, for 
1861, at page 420, and others. 

A Treatise on Electricity; by J. T. Sprague; published in Lon- 
don, England, 1875, page 104, and following pages. 

The English Mechanic and World of Science; published in Lon- 
don, No. 594, August 11, 1876; also an article in the same journal 
of the 26th of November, 1875. 

Physical ‘Technics ; by Dr. J. Frick, translated by John D. Easter ; 
published in Philadelphia, 1862, page 178-9, and others. 

Cyclopedia of Science Simplified; by J. H. Pepper, Philadelphia, 
1871, pages 5 and 6, also pages 520, 521, 522, 523, 524, 525, and 
others. 

Experimental Researches in Electricity; by Michael Faraday ; 
Vol. Ilf., London, 1855, pages 333, 334, 335, 336, and following 
pages. 

10 
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Year Book of Facts in Science and the Arts; by Charles W. Vin- 
cent; London and Berlin, 1875, page 138, and others. 

The Scientific American; published in New York; of March 4, 
1866, also same paper of May 25, 1872, page 352, and others con- 
taining article on Acoustic Telegraph, by Prof. Weinhold of 
Chemnitz, Germany. 

Journal of the Franklin Institute; published in Philadelphia, 
Third Series, Vol. LXII., for July, 1871, pages 8 and 9, and 
others. 

Sound ; by John Tyndall, LL. D.; published in London, England, 
18€7, pages 40, 41, 195, and following pages, and page 257, and 
following pages. 

Journal of the Society of Telegraph Engineers; published in Lon- 
don, England, 1878, Vol. VII., page 267, and following pages; also 
same journal for 1880, Vol. IX., pages 23, 24, 69, 70 and others. 

Proceedings of the Dublin Royal Society ; for 1877, page 46, and 
others. 

Barrett upon the Telephone, Old and New: published in London, 
England, 1878, page 73, and others. 

The Telephone; a lecture entitled Researches in Electric Tele- 
phony, by Professor Alexander Grahain Bell, delivered before the So- 
ciety of Telegraph Engineers, October 31, 1877. Published by the 
society. London, E. and F. N. Spon, 46 Charing Cross ; New York, 
446 Broom Street, 1878; pages 6 and 7, and also the several and 
respective books and publications named, mentioned or referred to in 
aud by the several and respective foot-notes contained in the said 
pages, said pages and the references contained in the foot-notes 
thereto being as follows : — 

“And here I may remark, that, althongh the conception of the 
undulatory current of electricity is entirely original with my- 
self, methods of producing sound by means of intermittent and pul- 
satory currents have long been known. For instance, it was long 
since discovered that an electro-magnet gives forth a decided sound 
when it is suddenly magnetized or demagnetized. When the circuit 
upon which it is placed is rapidly made and broken, a succession of 
explosive noises proceeds from the magnet. ‘These sounds produce 
upon the ear the effect of a musical note when the current is inter- 
rupted a sufficient number of times per second. This discovery of 
‘Galvanic Music,’ gy Page,* idebde ve dit 
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of the world almost simultaneously to enter into the field of telephonic 
research; and the acoustical effects produced by magnetization 
were carefully studied by Marrian,t Beatson,t Gassiot,§, De la 
Rive,|| Mateucci, §{ Guillemin,* Wertheimer,t Wartmann,{ Jan- 
niar,§ Joule,|| Laborde,{ Legat,** Reis,t+ Poggendorff,t{ Du 
Moncel,§§ Delezenne,|||| and others. It should also be meutioned 
that Gore*** obtained loud musical notes from mercury, accompa- 
nied by singularly beautiful crispations of the surface during the 
ccurse of experiments in electrolysis; Pagett+t produced musical 
tones from Trevelyan’s bars by the action of the galvanic current ; 
and further, it was discovered by Sullivanttt that a current of elec- 
tricity is generated by the vibration of a wire composed partly of 
one metal and partly of another. The current was produced so long 
as the wire emitted a musical note, but stopped iminediately upon the 
cessation of the sound. 


*C. G. Page, ‘‘ The Production of Galvanic Music,” Silliman’s Journ., 1837, 
xxxii., p. 396; Silliman’s Journ., July, 1837, p. 354; Silliman’s Journ., 1838, xxxiii., 
p. 118; Bibl. Univ. (new series), 1839, ii. p. 398. 

tJ. P. Marrian, Phil. Mag., xxv., p. 382; Inst., 1845, p. 20; Arch de l’Electr., v. 
p. i195. 

t W. Beatson, Arch de l’Electr., v, p. 197; Arch. de Sc. Phys. et Nat. (2d series), 
ii., p. 113, 

§ Gassiot. See ‘‘ Treatise on Electricity,” by De la Rive, i., p. 300. 

|| De la Rive, Treatise on Electricity, i., p. 300; Phil. Mag., xxxv., p. 422; Arch 
de Electr., v. p. 200; Inst., 1846, p. 83; Comptes Rendus, xx., p. 1287; Comp. 
Rend., xxii., p. 432; Pogg. Ann., lxxvi., p. 6837; Ann. de Chim. et de Phys., xxvi., 
p. 158. 

{ Matteucci, Inst,, 1845 p. 315; Arch. de l’Electr, v., 389. 

* Guillemin, Comp. Rend., xxii, p. 264; Inst., 1846, p, 30; Arch. de Sc. Phys. 
(2d series), i., p. 191. 

+G. Wertheim, Comp. Rend., xxii., pp. 336, 544; Inst., 1846, pp. 65, 100; Pogg. 
Ann., Ixviil., p. 140; Comp. Rend., xxvi., p. 505; Inst., 1848, p. 142; Ann. de Chim. 
et de Phys., xxiii., p. 302; Arch. de Sc. Phys. et Nat., viii., p. 206; Pogg. Ann., 
Ixxvii., p. 43; Berl. Ber., iv., p. 121. 

{} Elie Wartmann, Comp. Rend., xxii., p. 544; Phil. Mag. (3d series), xxviil., p. 
544; Arch de Sc. Phys. et Nat. (2d series), i., p. 419; Inst., 1846, p. 290; Mo- 
natschr, de Berl. AkKad., 1846, p 111. 

§ Janniar, Comp. Rend., xxiii., p. 319; Inst., 1846, p. 269; Arch. de Sc. Phys. et 
Nat. (2d series), ii., p. 394. 

|| J. P. Joule, Phil. Mag., xxv., pp. 76, 225; Berl. Ber., fii. p. 489. 

{| Laborde, Comp. Rend., 1. p. 692; Cosmos, xvii., p. 514. 

** Legat, Brix., Z. S., ix., p. 125. 

tt Reis, ‘‘ Telepbonie,” Polytechnic Journ., clxviii., p. 185; Béttger’s Notizbl., 
1863, No. 6. 

tt J. C. Poggendorff, Pogg Ann., xcviii., p. 192; Berliner -Monatsber, 1856, p. 
133; Cosmos, ix., p. 49; Berl. Ber., xii., p. 241; Pogg. Ann., Ixxxvii., p. 139. 
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§§ Du Moncel, Exposé, ii , p. 125; also, iii., p. 83. 

|| Delezenne, ‘* Sound produced by Magnetization,” Bibl. Univ. (new series), 
1841 xvi., p. 406. 

{{ See London Journ., xxxii., p. 402, Polytechnic Journ., ex., p. 16; Cosmos, iv., 


p. 43; Glosencr — Traité général, &c., p. 8350; Dove. Repert, vi., p: 58; Pogg. Ann. , 


xliii., p. 411; Berl. Ber., i., p. 144; Arch. de Sc. Phys. et Nat., xvi, p. 406; Kuhn’s 
Encyclopedia der Physik, pp. 1014-1021. 

*** Gore, Proceedings of Royal Society, xii., p. 217. 

+¢+ C. G. Page, ‘‘ Vibration of Trevelyan’s Bars by the Galvanic Current,” Silli- 
man’s Journal, 1850, ix., pp. 105-108. 

ttt Sullivan, “ Currents of Electricity produced by the Vibration of Metals.” 


+++ 


Phil. Mag. 1845, p. 261; Arch. de l’Electr., x., p. 480. 


Reference is also made by the respondent to the remaining por- 
tions of said publication and to the several and respective persons, 
books, publications and proceedings referred to and mentioned 
therein and in the foot-notes thereof. 

Der Elecktromagnetische Telegraph ; by H. Schellen, published at 
Brunswick, Germany, in 1867, pages 411, 412, 413, 414, 429, 430, 
431, 432, 433, 434, 435, 436, 437, 438, 468, and 469, and others. 

Zeitschrift des Deutsch-Oesterreichischen Telegraphen-Vereins ; 
published in Berlin, Prussia, in the year 1862. Vol. IX., at page 
125, and others. 

Die Fortschritte der Physik; von Dr. E. Jochmann, 1861, at 
pages 172, 173; and 1863, page 96, and others. 

Polytechnisches Journal ; von Dr. E. M. Dingler, Augsburg, 1863. 
Nos. 168, 169, pages 29, 33, 185, 399, and others. 

Deutsche Klinik ; No. 48, Berlin, November 28, 1863, pages 468, 
469, and others. 

Deutsche Industrie Zeitung; for 1863, Chemnitz, No. 16, page 
184 and others; No. 18, page 208, and others; and No. 22, page 
249, and others. 

Frankfurter Conversationsblatt ; November 29, 1861, and June 30, 
1863. 

Polytechnisches (Physikalisches) Centralblatt; 1863, pages 857, 
859, and others. 

Polytechnisches Notizblatt ; von Prof. Dr. Reed, Béttger, Frank- 
furt, A. M. "No. 618, Jahrgang 1863, pages 81, 84, and others; 
and also same year, No. 15, page 225, and others. 
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Didaskalia, Blaetter fur Geist, Gemueth and Publicitaet ; for May 
8 and May 12, 1862, and also for September 28, 1864, No. 252. 

Die Gartenlaube ; published at Leipsic, 1862. No. 51, page 807 
and following pages; also No. 51, December, 1863. 

Die Neueren. Apparate der Akoustik; von Fr. Pisko, Wien, 


1865, pages 94 and following piges; also, same book, pages 241 


and following pages. 

Jahresbericht des Physikalischen Vereins; Frankfurt, A. M., for 
the year 1860, 18613; pages 57, 64, and others; and same work for 
1863, page 12 and following pages. 

Zeitschrift des Deutsch-Oesterreichischen Telegraphen-Vercins : 
published at Berlin, Prussia, 1862. Vol. LX., page 125 and others. 

Miller Pouillett’s Lehrbuch der Physik and Meteorologie ; pub- 
lished at Brunswick, Hanover, sixth edition, 1863. Vol. IIL., page 
352 and following pages, and seventh edition of said book, 1563, 
Vol. Il., page 386 and following pages. 

Carl Kuhn’s Handbuch der Angewandten Elecktricitiitslehre ; pub- 
lished at Leipsic, 1366, page 1017 and following pages, being Vol. 
XX. of Karsten’s Allgemeine Ency clopidie der Physik. 

Aus der Natur, pub ished at Leipsic in 1862, Vol. XXI., pages 
470, 474, and others. 

Exposé des Applications de l’Electricité; by Count du Monceel, 
2d Edition, Paris, 1856, Vol. I., page 246 and following pages. 

In addition to the foregoing printed publications, this respondent, 
upon information and belief, saith that divers other printed publica- 
tions had made known, mentioned, and described the said alleged in- 
vention or discovery, which said other prior printed publications, 
when the same shall have been more fully ascertained, the respond- 
ent respectfully craves leave hereafter to set forth by way of 
supplement, amendment, or addition to this answer, with like effect 
as if the same were now here mentioned and contained. — 

This respondent, further answering, saith that it is informed and 
advised, and it believes and respectfully submits, that the respec- 
tive Letters Patent of the said Bell, in the said bill mentioned, are 
null and void, for the reasons, among others, that the specifications 
or descriptions attached to said respective Letters Patent are not, as 
respects the material and important parts thereof. in such full 
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clear, concise, and exact terms as, at the time when said respcctive 
Letters Patent were granted, to have enabled, or as now to enable, 
any person skilled in the art or science to which said alleged inven- 
tions appertain, or with which they are most nearly connected, to 
make, constiuct, and use the same; that the principle or nature of 
srid alleged invention is not fully, adequately, or intelligibly ex- 
plained so as to distinguish it from other inventions; that the part, 
improvement and combination claimed by the said Bell is not par- 
ticularly pointed out or distinctly claimed; that the said specifica- 
tions do not clearly and intelligibly distinguish between the prior 
state of the art, and things theretofore known and in use, and the 
things claimed in said specifications ; that many of the combinations 
claimed in said patents are unpatentable as combinations ; that many 
of said claims are vague, ambiguous, uncertain, and indefinite, and 
that others of said claims are unlawful attempts to appropriate 
broadly, unrestrictedly, and exclusively the application and employ- 
ment of principles of science, and the operation of laws or of prop- 
erties of magnetic or electric action, which said attempted appropria- 
tion, as the respondent is advised, is unpatentable; that said 
respective specifications do not describe a manner of construct- 
ing or operating a practical or successful telephone, and that the 
in-trumentalities do not represent, and could not at the time when 
said Letters Patent were granted, and cannot now, be made to eon- 
stitute, a telephone capable of working usefully, effectually, or 
serviceably, without the neces-ity of resorting to experiments and of 
obtaining further information, and without the employment of other 
and additional inventive and constructive skill; that the said Bell sur- 
reptitiously or unjustly obtained the said patents for that which was in 
fact invented or discovered by one Elisha Gray, now or late of High- 
land Park, inthe State of Illinois; by one Daniel Drawbaugh, now or 
late of Eberly’s Mills, in the State of Pennsylvania; by one James 
W. McDonough, now or late of Chicago, in the State of Illinois; 
by one Antonio Meucci, now or late of Clifton, in Staten Island, in 
the State of New York; by one Amos E. Dolbear, now or late of 
Somerville, in the State of Massachusetts, and by other persons, 


whose names, when the same shall have been more fully ascertained, 
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the respondent craves leave hereafter to add hereto, all of whom 


Were using reasonable diligence in adapting and perfecting the 


same; that the said alleged inventions or discoveries had been in 
public use and on sale in this country for more than two years prior 
to the application of the said Bell for the said patents respectively ; 
and also, that the same, or the material and substantial part or parts 
thereof claimed as new and original, had been abandoned to the 
public prior to said application. 

And this respondent, upon information and belief, further answer- 
ing, saith that the distinction or difference asserted in said patents 
between undulatory currents and interrupted or pulsatory currents, 
is imaginary and unreal, and has no actual existence, and constitutes 
no patentable foundation of novelty; that it furnishes no legal or 
actual ground of distinction between the alleged principle’ of the 
alleged invention or discovery of the said Bell, as claimed in the 
said patents, and the methods and principles of action and operation 
well known and used in similar or analogous devices prior thereto ; 
that it cannot constitute any intelligible, adequate, or patentable basis 
of invention and discovery, or any practical or determining test or 
criterion either of originality or of infringement ; that it is insufficient 
and inadequate, either in fact or in law, to extend the construction 
of the patents of the said Bell, further than or beyond a claim to 
the several devices or the special method of operation, mentioned, 
set forth, and deseribed by him therein; that such construction can 
not be thus extended ; that even, as respects said alleged or assumed 
undulatory currents, if it be otherwise than as above mentioned, said 
alleged currents and the employment, application and_ utilization 
thereof are, and can legally be, claimed in and by said patents, only 
in connection or combination with the several and respective devices, 
instrumentalities and methods therein mentioned, set forth, and de- 
scribed, which said devices, instrumentalities and methods are not 
coutained, used or employed in and by the devices, instrumentalities 
or methods used or employed .by this defendant; that the actual 
kind of current, whether it be termed undulatory, or whether it be 
termed interrupted, which is, in fact, necessary for the transmission 
of conversation, had been long known and used for that purpose, or 
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for analogous purposes, and can not, therefore, be legally appro- 
priated by the said patents of the said Bell, or by any proper or valid 


construction thereof; that the vibratory or undulatory currents of . 

electricity, mentioned and described in said respective Letters ; 
Patent, are not different in nature, kind, function or method of rf ¢£ 
operation and action, from currents of electricity which had thereto- 
fore been known, and which had been publicly employed for the 
sume, or for a substantially similar or an analogous purpose ; aud : \ 


that the alleged new use thereof by the said Bell is a non-patentable 
equivalent, or a double use and application thereof, which does not 
constitute a legal subject-matter of appropriation or claim. 
Wherefore, and by reason of the premises, and of all and singu- 
lar the matters and things aforesaid, both of law and of fact, the 
respondent is advised and informed, and accordingly respectfully 
submits, that the complainants are not entitled tothe remedy and relief 
by way of injunction, profits, damages or costs, as prayed by them 
in their said bill against the respondent, or to any reme.ly or relief 
whatsoever against the respondent, but that on the contrary it is 
herein and hereby manifestly shown and made to appear that the said 
bill of complaint is unfounded and unjust and contrary to law, equity 
and good conscience, and that the same should therefore be dis- 


missed. 
And this respondent prays that so many and such parts of the con- 


tents of the foregoing answer as are, or might more properly be, ; 


matters of demurrer, may avail the respondent as and by way of 


demurrer, and may be deemed and taken to be such; and that so 


many and such parts of the contents thereof as are, or might more 44 


properly be, matters of plea, may avail the respondent as and by 


way of plea or pleas, and may be deemed and taken to be such. . | 


Without this, that there is any other matter, cause or thing in the 
said complainants’ said bill of complaint contained, material or neces- 


sary for this defendant to make answer unto, and not herein and 


hereby well and sufficicntly answered, confessed, traversed and 


avoided, or denied is true, to the knowledge or belief of this defend- 


ant; all which matters and things this defendant is ready and willing 


to aver, maintain, and prove, as this Honorable Court shall direct, 
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and humbly prays to be hence dismissed with its reasonable costs 
and charges, in this behalf most wrongfully sustained. 


THE CLAY COMMERCIAL TELEPHONE COMPANY, 


By Joun C. Scott, 
President. 


SS oeeeet ae 


Wan. W. Ker, 
FURMAN SHEPPARD, 
Counsel for said Defendant. 
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City AND CounTY OF PHILADELPHIA, Rin 
STATE OF PENNSYLVANIA, ; 

John C. Scott, being duly sworn, deposeth and saith that he is the 
president of the said the Clay Commercial Telephone Company, the 
abovenamed defendant; that he has read the foregoing answer of 
the said company, and has signed the same as president of said com- 
pany; that the matters therein stated as the acts of said company 
are, to the best of his knowledge, true; and that the other matters 
and things therein stated are true to the best of his knowledge, in- 


formation and belief. 
JOHN C. Scort. 


Sworn and subscribed before me this eighth day of August, A. D. 
1884. 


Ropert Hutcuinson, Notary Public. 


THE JOINT AND SEVERAL ANSWER 
Of John C. Scvtt, James McMillen, George W. Bratton, Samuel P. 
Godwin, John T. Bailey, John Marston, Jr., Thomas C. Else, 
James McC Creighton, and Joseph Wright, defendants, to the 
bill of complaint of the American Bell Telephone Company, and 


the Bell Telephone Company, complainants, against the Clay 
Commercial Telephone Company, and others, defendants. 


| 

| These defendants, now and all times hereafter, saving and reserv- 
) ing unto themselves all and all manner of benefit or advantage of 
exception which can or may be had or taken to the many errors, un- 
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certainties, and other imperfections in the said complainants’ said 
bill of complaint contained, nevertheless for answer thereunto, or unto 
so many and such parts thereof as these defendants are advised is, or 
ure, material or necessary for them to make anwer unto, answering, 
suy >— 

That these defendants are directors and officers of the Clay Com- 
mercial Telephone Company, one of the defendants in this suit ; that 
they have not, nor has any one of them, to their or his knowledge 
or belief, violated or infringed the rights of the said complainants in 
manner and form as alleged and set forth in said bill of complaint ; 
that they are not parties or privies to the alleged acts of the said 
Clay Commercial Telephone Company, otherwise than as directors 
und officers of said company; that they have not, by any vote or 
other act or proceeding, as such directors or officers, authorized or 
directed the use, or caused or procured the use, by the said Clay 
Commercial Telephone Company, of telephonic or other devices, 
which, to the knowledge or belief of these defendant=, were infringe- 
ments or violations of the said patents in said bill mentioned, or of 
either of them, or of the rights of said complainants thereunder, or 
which they had cause or reason to know or believe to be so; and 
that they cannot, as they are advised, by reason of the mere fact 
of being officers and directors of said company, be properly joined 
as defendants therewith in a charge of alleged joint infiingement as 
in said bill contained, and can much less be properly joined where, 
as in said bill, it is not even alleged that they are such officers or 
directors. 

And these respondents, further answering, say that they deny it to 
be true, as in said bill alleged, that they, well knowing the premises 
contained and set forth in said bill, have themselves jointly, or have 
jointly with the said Clay Commercial Telephone Company, or have 
otherwise, made and used, or furnished to others for use, or sold or 
caused to be sold, electric speaking telephones constructed and 
adapted for the transmission of speech, by and according to the 
method described and claimed by the said Bell in the two several 
patents in the said bill mentioned, or as claimed by the said com- 
plainants in said biil. 
Further answering, and subject. te 


a. 


e matters aforesaid, these de- 
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-fendants pray that they may, if need be, at the hearing of this cause, 
or otherwise, avail themselves of, and receive, the benefit and advan- 
tage of the answer filed in this suit by the said Clay Commercial 
Telephone Company, with like effect as if the same were here at 
large repeated, or as if they had formally joined with said company 
therein. 

Wherefore, by reason of all and singular the matters and things, 
and the premises aforesaid, these defendants say that they are ad- 
vised, and they accordingly respectfully submit, that the said com- 
plainants are not entitled to any relief as against these defendants ; 
and they humbly pray to be hence dismissed with their reasunab'e 
costs and charges in this behalf unjustly incurred. 

Wn. W. Ker, 
FURMAN SHEPPARD, 
Counsel for said Defendants. 


THE SEVERAL ANSWER 


Of W. Harrison Godwin, defendant, to the bill of complaint of the 
American Bell Telephone Company, and the Bell Telephone 
Company, complainants, against the Clay Commercial Tele- 
phone Company, and others, defendants. 


This defendant, saving and reserving unto himself all benefit of 
exception to said bill, and to the defects and insufficiencies thereof, 
nevertheless for answer saith, that he is a stranger to the matters 
and things contained in said bill of complaint; that he has not at 
any time infringed or violated either of the patents in the said bill 
mentioned, or any of the rights thereunder claimed by the complain- 
ants; that he has not, at any time, made, sold or used telephonic 
devices, as alleged in said bill; and that he is not a director of the 
said Clay Commercial Telephone Company, or concerned in its pro- 
ceedings or business, or a party thereto. 

Further answering, the defendant saith, that he is employed by 
said company as its secretary; that his duties as such are merely 
clerical, being only those which are ordinarily performed by a secre- 
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tary ; that he is not otherwise a participant in the acts or business of 
said company, or cognizant thereof, or concerned therewith, or re- 
sponsible therefor; and he submits that by reason thereof the com- 
plainants are not entitled to any remedy or relief against him, as 
alleged in said bill, and that he is improperly joined as a defendant 
therein. 

All of which this defendant is ready and willing to aver, maintain 
and prove; wherefore he prays to be hence dismissed with his 
reasonable costs and charges in this behalf unjustly incurred. 

Wma. W. Ker, 


FuRMAN SHEPPARD, 
Counsel for said Defendant. 


THE SEVERAL ANSWER 


Of Henry Clay, defendant, to the bill of complaint of the American 
Bell Telephone Company and the Bell Telephone Company, 
complainants, against the Clay Commercial Telephone Com- 
pany, and others, defendants. 


This defendant, saving and reserving unto himself all benefit and 
advantage of exception to said bill and to the defects and insuffici- 
encies thereof, nevertheless for answer saith, that he is not, and hath 
never been, a director or an officer of the said Clay Commercial 
Telephone Company; that he is the assignor to said company of 
certain Letters Patent of the United States issued to him, the said 
Clay, as the first and original inventor thereof, as severally men- 
tioned in the answer of the said company in this suit; that he is 
engaged in the employment and service of said company for the pur- 
pose of keeping and maintaining the telephone instruments of said 
company in proper working order and repair; that he is not, other- 
wise than in the way of the regular discharge of the said duties of 
his said employment and service, a party to, or cognizant of, or a 
participant in, or responsible for, the acts and proceedings of said 
company; that he has not, in the discharge of said duties, either 
jointly with said company dS ideditditbebibels alleged, or otherwise, 
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violated or infringed, to his knowledge or belief, either in act or in- 
tent, the said Letters Patent in the said bill mentioned, or either of 
them, or the rights of the said complainants claimed thereunder ; and 
that by reason of the premises, he is, as he is advised, and as he 
respectfully submits, improperly joined as a defendant in said bill. 

And as respects all and singular the matters and things contained 
in the answer of the said Clay Commercial Telephone Company in 
this suit, this defendant prays that he may, if need be, avail himself 
thereof at the hearing of this cause, or otherwise, with like effect, as 
if the same were here at length set forth, or as if he had formally 
joined therein as a party thereto. 

Wherefore, and by reason of the premises, this defendant saith 
that the said complainants are not entitled to recover against him the 
relief by them claimed in their said bill, or other relief; and he 
humbly prays to be hence dismissed, with his costs and charges, in 
this behalf unjustly incurred. 

Wma. W. Ker, 
FURMAN SHEPPARD, 
Counsel for said Defendant. 


THE SEVERAL ANSWER 


Of Alonzo P. Douglass, defendant, to the bill of complaint of the 
American Bell Telephone Company, and the Bell Telephone 
Company, complainants, against the Clay Commercial Tele- 
phone Company, and others, defendants. 


This defendant, saving and reserving unto himself all benefit and 
advantage of exception to the defects and imperfections of said com- 
plainants’ said bill, nevertheless for answer thereto saith, that he is 
a stranger to the material and substantial matters and things in said 
bill contained ; that he is not an officer, or a director, of the said 
Clay Commercial Telephone Company ; and that he is not a partici- 
pant in its business, or a party thereto, or cognizant thereof, or 
responsible therefor, or in any way entitled to control or direct the 
same. 


50 REPLICATION. 


And defendant further saith that he is an attorney-at-law, and is ; 
engaged in the practice of his profession; that, as a member of the 
bar, he has, from time to time, transacted matters of legal business 
for the said Clay Commercial Telephone Company; that the only 
relation subsisting between himself and said company is the profes- y 
sional relation of counsel and client; that he has not been otherwise 
concerned in or connected with the acts or proceedings of said com- 
pany; and that he has not either jointly with said company, or In- 
dividually, violated or infringed either of the said Letters Patent 


in the suid bill mentioned, or any rights claimed by the complain- 


ants thereunder, 

Defendant further saith that in the Certificate of Incorporation 
of the said Clay Commercial Telephone Company, he is one of the 
three corp>rators named; that the stock hell by him at that time 
consi-ted of the sum of five shares; that he held the same only 
nominally to facilitate the grinting of said certificate; and that 
within about thirty days after the granting of the same, he parted 
with said shares, and divested himself of all interest in said com- 
pany as a corporator therein. 

Wherefore, and by reason of the premises, the defendant submits 
that he has been improperly joined as a party defendant to said bill; 


and he accordingly prays to be hence dismissed with his reasonable 
costs and charges in this behalf unjustly sustained. f 
Wictiam W. Ker, 


FURMAN SHEPPARD, | 
Counsel for said Defendant. 


REPLICATION. t 
[Fitep SeprT. 2, 1884. ] j 


The replication of the American Bell Telephone Company and the ) 
Bell Telephone Company of Philadelphia, complainants, to the sep- 
arate unswer of the Clay Commercial Telephone Company, the joint 
and several answer of John C. Scott, James McMillen, George W. 
Bratton, Samtiel P. Godwi iley, John Marston, Jr., 


Preseies 


{ ENDORSED. | 


CIRCUIT COURT OF THE UNITED STATES. 


EASTERN DISTRICT OF PENNSYLVANIA. 


IN EQUITY. 


April Sessions, 1884. | No, 15. 


AMERICAN BELL TELEPHONE COMPANY ET AL. 
Vv. 


THE CLAY COMMERCIAL TELEPHONE COMPANY ET AL. 


ANSWER OF DEFENDANTS. 


WM. W. KER.” 
f FURMAN SHEPPARD, 
Counsel for Defendants. 
Filed August 9, 1884. 


Sas Ado 
Be ee oe 


And afterwards, to wit, on the second day of September, A. D 
1884, the complainants, by their solicitor, Charles Howson, Esq 
come into Court here and file their Replication, which being read 
is as follows, to wit: 


(Here follows Replication.) 


(Endorsed): C. C. U. S., E. D. of Pa. No. 15—April, 1884 
American Bell Telephone Co. et al. v. The Clay Commercial Tele 


phone Co. et al. 
Replication filed September 2, 1884. CC. Howson, Sol’r. 
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Thomas C. Else, James McC. Creighton, and Joseph Wright, the 
several answer of W. H. Godwin, and the several answer of Henry 
Clay, and the several answer of Alonzo P. Douglass, defendants. 
These replinnts, saving and reserving unto themselves all and all 
manner of advantage of exception to the manifold insufficiencies of the 
suid several answers and each of them, for replication thereunto, say 
that they will aver and prove their said bill to be true, certain and 
sufficient in the law to be answered unto; and that the said several 
answers of the said defendants, all and each of them, are and is un- 
certain, untrue, and insufficient to be replied unto by these repliants ; 
without this, that any other matter or thing whatsoever in the said 
several answers and each of them contained, material or effectual in 
the Iuaw to be replied unto, confessed and avoided, traversed or 
denied, is true; all which matters and things these repliants are and 
will be ready to aver and prove, as this Honorable Court shall direct ; 
and humbly pray as in and by their said bill they have already 


prayed. 


CHARLES Howson, 
Solicitor and Counsel for Complainants. 
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EVIDENCE FOR COMPLAINANTS. 


TAKEN PURSUANT TO THE SIXTY-SEVENTH RULE OF THE SUPREME 
COURT OF THE UNITED STATES, IN EQUITY, AS AMENDED, 
BEFORE ME, 
CHARLES H. SWAN, Special Bxaminer. 


95 Mik Street, Boston, Mass., Nov. 20, 1584. 


Present: Grorce L. Roserts, Jisq., of Counsel for Complainants ; 
FurRMAN SHEPPARD, Esq., of Counsel for Defendants. 


Counsel for complainants puts in evidence : — 

1. Certified copy of Letters Patent No. 174,465, granted Alex- 
ander Graham Bell, March 7, 1876, which is marked “ Exhibit Bell 
Patent, No. 174,465, Chas. H. Swan, Special Examiner.” | 

2. Certified copy of Letters Patent No. 186,787, granted Alex- 
ander Graham Bell, Jan. 30, 1877, which is marked “ Exhibit Bell 
Patent No. 186,787, Chas. H. Swan, Special Examiner.” 

38. Certified copies of the following assignments : — 

A. Alexander Graham Bell to Gardiner G. Hubbard, trustee, 
dated July , 1877, and recorded July 28, 1877, Liber R*!, page 
399. 

B. Gardiner G. Hubbard, trustee, to the Bell Telephone Com- 
pany, dated July 20, 1878, and recorded Oct. 3, 1878, Liber Y??, 
pige 460. 

C’. Bell Telephone Company to American Bell Telephone Com- 
pany, dated June 22, 1880, and recorded June 24, 1880, Liber 15, 
page 282; and the same are marked “ Exhibit Assignments, Chas. 
H. Swan, Special Examiner.” 

4. Certified copy of the charter of the American Bell Telephone 
Company, and also certified copy of the certificate of incorporation 
of the American Bell Telephone Company, and the same are marked 
“Exhibit Complainants’ Incorporation, Chas. H. Swan, Special Ex- 
aminer.” 

| Defendants’ counsel objects to the several assignments and the char- 
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title set forth in the bill, or other sufficient title to maintain this suit. | 
Said documentary evidence is as follows: — 
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UNITED STATES PATENT OFFICE. 


ALEXANDER GRAHAM BELL, OF SALEM, MASSACHUSETTS, 


IMPROVEMENT IN TELEGRAPHY. 


Specification forming part of Letters Patent No. 174,465, dated March 7, 1876; 
application filed Febuary 14, 1876. 
Lo all whom it may concern: 

Be it known that I, ALEXANDER GRAHAM BELL, of Salem, Massa- 
chusetts, have invented certain new and useful Improvements in Te- 
legraphy, of which the following is a specification : — 

In Letters Patent granted to me April 6, 1875, No. 161,739, I 
have described a method of, and apparatus for, transmitting two or 
more telegraphic signals simultaneously along a single wire by the 
employment of transmitting instruments, each of which occasions a 
succession of electrical impulses differing in rate from the others ; 
and of receiving instruments, each tuned to a pitch at which it will 
be put in vibration to produce its fundamental note by one only of 
the transmitting instruments; and of vibratory circuit-breakers 
operating to convert the vibratory movement of the receiving 
instrument into a permanent make or break (as the case may be) of 
a local circuit, in which is placed a Morse sounder, register, or 
other telegraphic apparatus. I have also therein described a form 
of autograph-telegraph based upon the action of the above-mentioned 
instruments. 

In illustration of my method of multiple telegraphy I have shown 
in the patent aforesaid, as one form of transmitting instrument, an 
electro-magnet having a steel-spring armature, which is kept in 
vibration by the action of a local battery. This armature in vibrat- 
ing makes and breaks the main circuit, producing an intermittent 
current upon the line-wire. I have found, however, that upon this 
plan the limit to the number of signals that can be sent simulta- 
neously over the same wire is very speedily reached; for, when a 
number of transmitting instruments, having different rates of vibra- 
tion, are simultaneously making and breaking the same circuit, the 
A 
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effect upon the main line is practically equivalent to one continuous 
current. 

In a pending application for Letters Patent, filed in the United 
States Patent Office Feburary 25, 1875, I have described two ways 
of producing the intermittent current— the one by actual make and 
break of contact, the other by alternately increasing and diminish- 
ing the intensity of the current without actually breaking the circuit. 
The current produced by the latter method I shall term, for distinc- "’ 
tion sake, a pulsatory current. | 

My present invention consists in the employment of a vibratory 


or undulatory current of electricity in contradistinction to a merely 

intermittent or- pulsatory current, and of a method of, and apparatus 

for, producing electrical undulations upon the line-wire. P 
The distinction between an undulatory and a pulsatory current 

will be understood by considering that electrical pulsations are 

caused by sudden or instantaneous changes of intensity, and that 

electrical undulations result from gradual changes of intensity 


exactly analogous to the changes in the density of air occasioned by 


q 


simple pendulous vibrations. The electrical movement, like the 


{ 
{ 
aerial motion, can be represented by a sinusoidal curve or by the “ r 
resultant of several sinusoidal curves. q 
Intermittent or pulsatory and undulatory currents may be of two 
kinds, accordingly as the successive impulses have all the same 
polarity or are alternately positive and negative. 
The advantages I claim to derive from the use of an undulatory 
current in place of a merely intermittent one are, first, that a very 
much larger number of signals can be transmitted simultaneou-ly 
onthe same circuit; second, that a closed circuit and single main ° 
battery may be used ; third, that communication in both directions 
is established without the necessity of special induction-coils ; fourth, 
that cable despatches may be transmitted more rapidly than by 
means of an intermittent current or by the methods at present in 


use; for, as it is unnecessary to discharge the cable before a new 


sigualean be made, the lagging of cable-signals is prevented; fifth, 


end that as the circuit is never broken a_ spark-arrester becomes 


unnecessary. 


It has long been known that when a permanent magnet is caused 
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to approach the pole of an electro-magnet a current of electricity is 
induced in the coils of the latter, and that when it is made to recede 
acurrent of opposite polarity to the first appears upon the wire. 
When, therefore, a permanent magnet is caused to vibrate in front 
of the pole of an electro-magnet an undulatory current of electricity 
is induced in the coils of the electro-magnet, the undulations of 
which correspond, in rapidity of succession, to the vibrations of the 
magnet, in polarity to the direction of its motion, and in intensity to 
the amplitude of its vibration. 

That the difference between an undulatory and an intermittent 
current may be more clearly understood I shall describe the condi- 
tion of the electrical current when the attempt is made to transmit 
two musical notes simultaneously — first upon the one plan and then 
upon. the other. Let the interval between the two sounds be a 
major third; then their rates of vibration are in the ratio of 4 to 5. 
Now, when the intermittent current is used the circuit is made 
and broken four times by one transmitting instrument in the same 
time that five makes and breaks are caused by the other. <A and Bb, 
Figs. 1, 2, and 3, represent the intermittent currents produced, four 
impulses of B being made in the same time as five impulses of A. 
ccc, &c., show where and for how long time the circuit is made, 
and ddd, &c., indicatethe duration of the breaks of the circuit. 
The line A and B shows the total effect upon the current when the 
transmitting instruments for A and B are caused simultaneously to 
make and break the same circuit. The resultant effect depends 
very much upon the duration of the make relatively to the break. 
In Fig. 1 the ratio is as 1 to 4; in Fig. 2, as 1 to 2; and in Fig. 3 
the makes and breaks are of equal duration. The combined effect, 
A and B, Fig. 3, is very nearly equivalent to a continuous current. 

When many transmitting instruments of different rates of vibra- 
tion are simultaneously making and breaking the same circuit the 
current upon the main line becomes for all practical purposes con- 
tinuous. | 

Next, consider the effect when an undulatory current is employed. 
Electrical undulations, induced by the vibration of a body capable 
of inductive action, can be represented graphically, without error, 
by the same sinusoidal curve which expresses the vibration of the 
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inducing body itself, and the effect of its vibration upon the air; 
for, as above stated, the rate of oscillation in the electrical current 
corresponds to the rate of vibration of the including body — that is, 
to the pitch of the sound produced. The intensity of the current 
varies with the amplitude of the vibration — that is, with the loud- 
ness of the sound; and the polarity of the current corresponds to 
the direction of the vibrating body —that is, to the condensations 
and rarefactions of air produced by the vibration. Hence, the 
sinusoidal curve A or B, Fig. 4, represents, graphically, the elec- 


trical undulations induced in a circuit by the vibration of a body 


capable of inductive action. 

The horizontal line ade/f, &e., represents the zero of current. 
The elevations 6 6 6, &c., indicate impulses of positive electricity. 
The depressions ce c, &c., show impulses of negative electricity. 
The vertical distance 6 d or c f of any portion of the curve from the 
zero-line expresses the intensity of the positive or negative impulse 
at the part observed, and the horizontal distance a a indicates the 
duration of the electrical oscillation. The vibrations represented 
by the sinusoidal curves B and A, Fig. 4, are in the ratio aforesaid, } 


of 4 to 5—that is, four oscillations of B are made in the same time 


as five oscillations of A. 
The combined effect of A and B, when induced simultaneously 

on the same circuit, is expressed by the curve A+B, Fig. 4, which 

is the algebraical sum of the sinusoidal curves A and B. This 

curve A+B also indicates the actual motion of the air when the f 


two musical notes considered are sounded simultaneously. Thus, 


when electrical undulations of different rates are simultaneously 
° ° ° ° ° -~_™ 
induced in the same circuit, an effect is produced exactly analogous o— 


to that occasioned in the air by the vibration of the inducing bodies. 
Hence, the co-existence upon a telegraphic circuit of electrical vibra- 


tions of different pitch is manifested, not by the obliteration of the 


vibratory character of the current, but by peculiarities in the shapes 


of the electrical undulations, or, in other words, by peculiarities in 


the shapes of the curves which represent those undulations. 


There are many ways of producing undulatory currents of elec- i 


tricity, dependent for effect upon the vibrations or motions of bodies 
A few of the methods that may be 


fi f 


capuble of inductive action. 
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employed I shall here specify. When a wire, through which a con- 
tinuous current of electricity is passing, is caused to vibrate in the 
neighborhood of another wire, an undulatory current of electricity 
is induced in the latter. When a cylinder, upon which are arranged 
bar-magnets, is made to rotate in front of the pole of an electro- 
magnet, an undulatory current of electricity is induced in the coils 

of the electro-magnet. 
Undulations are caused in a continuous voltaic current by the 
5 vibration or motion of bodies capable of inductive action; or by the 
7 vibration of the conducting-wire itself in the neighborhood of such 
®% bodies. Electrical undulations may also be caused by alternately 
increasing and diminishing the resistance of the circuit, or by 
alternately increasing and diminishing the power of the battery. 
The internal resistance of a battery is diminished by bringing the 
voltaic elements nearer together, and increased by placing them 
farther apart. The reciprocal vibration of the elements of a battery, 
therefore, occasions an undulatory action in the voltaic current. 
: The external resistance may also be varied. For instance, let mer- 
} cury or some other liquid form part of a voltaic circuit, then the 
| r more deeply the conducting-wire is immersed in the mercury or 
other liquid, the less resistance does the liquid offer to the passage 
; of the current. Hence, the vibration of the conducting-wire in mer- 
cury or other liquid included in the circuit occasions undulations in 
the current. The vertical vibrations of the elements of a battery in 
f the liquid in which they are immersed produces an undulatory 
action in the current by alternately increasing and diminishing the 

power of the battery. 
 o_ In illustration of the method of creating electrical undulations, I 
shall show and describe one form of apparatus for producing the 
effect. I prefer to employ for this purpose an electro-magnet, A, 
Fig. 5, having a coil upon only one of its legs 6. <A_ steel-spring 
armature, c, is firmly clamped by one extremity to the uncovered 
leg d of the magnet, and its free end is allowed to project above 
the pole of the covered leg. The armature ¢ can be set-in vibration 
in a variety of ways, one of which is by wind, and, in vibrating, it 


produces a musical note of a certain definite pitch. 


When the instrument A is placed in a voltaic circuit, g be fg, 
iz 


ee 
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the armature ¢ becomes magnetic, and the polarity of its free end is 
opposed to that of the magnet underneath. So long as the arma- 
ture c remains at rest, no effect is produced upon the voltaic current, 
but the moment it is set in vibration to produce its musical note 
a powerful inductive action takes place, and electrical undulations 
traverse thecircuit g be fg. The vibratory current passing through 
the coil of the electro-magnet f causes vibration in its armature / 
when the armature c h of the two instruments A I are normally in 
unison with one another; but the armature / is unaffected by the 
passage of the undulatory current when the pitches of the two 
instruments are different. 

A number of instruments may be placed upon a telegraphic cir- 
cuit, as in Fig. 6. When the armature of any one of the instruments 
is set in vibration all the other instruments upon the circuit which 
are in unison with it respond, but those which have normally a 
different rate of vibration remain silent. Thus, if A, Fig. 6, is set 
in vibration, the armatures of A! and A? will vibrate also, but all 
the otbers on the circuit will remain still. So if B!' is caused to 
emit its musical note the instruments B Bb? respond. They con- 
tinue sounding so long as the mechanical vibration of B! is con- 
tinued, but become silent with the cessation of its motion. The 
duration of the sound may be used to indicate the dot or dash of 
the Morse alphabet, and thus a telegraphic dispatch may be indicated 
by alternately interrupting and renewing the sound. When two or 
more instruments of different pitch are simultaneously caused to 
vibrate, all the instruments of corresponding pitches upon the cir- 
cuit are set in vibration, each responding to that one only of the 
transmitting instruments with which it is in unison. Thus the sig- 
nals of A, Fig. 6, are repeated by A! and A?, but by no other 
instrument upon the circuit; the signals of B? by B and B'; and the 
signals of C! by C and C* — whether A, B*, and C! are successively 
or simultaneously caused to vibrate. Hence by these instruments 
two or more telegraphic signals or messages may be sent simulta- 
neously over the same circuit without interfering with one another. 

I desire hee to remark that there are many other uses to which 


e?. , —_ 
these instrumc ts may be put, such as the simultaneous transmission 
ict. 6 
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of musical notes, differing in loudness as well as in pitch, and the 
telegraphic transmission of noises or sounds of any kind. 

When the armature c, Fig. 5, is set in vibration the armature 
h responds not only in pitch but in loudness. Thus, when e 
vibrates with little amplitude, a very soft musical note proceeds 
from 4; and when ¢ vibrates forcibly the amplitude of the vibration 
of h is considerably increased, and the resulting sound becomes 
louder. So, if A and B, Fig. 6, are sounded simultaneously, (A 
loudly and B softly,) the instruments A' and A? repeat loudly the 
signals of A, and B! B2 repeat softly those of B. 

One of the ways in which the armature c, Fig. 5, may be set in 
vibration has been stated above to be by wind. Another.mode is 
shown in Fig. 7, whereby motion can be imparted to the armature 
by the human voice or by means of a musical instrument. 

The armature c, Fig. 7, is fastened loosely by one extremity to 
the uncovered leg d of the electro-magnet 5, and its other extrem- 
ity is attached to the centre of a stretched membrane, a. A cone, 
A, is used to converge sound-vibrations upon the membrane. When 
a sound is uttered in the cone the membrane a is set in vibration, 
the armature c is forced to partake of the motion, and thus electrical 
undulations are created upon the circuit Ede fg. These undulations 
are similar in form to the air vibrations caused by the sound — that 
is, they are represented graphically by similar curves. The undu- 
latory current passing through the electro-magnet / influences its 
armature / to copy the motion of the armature c. A similar sound 
to that uttered into A is then heard to proceed from L. 

In this specification the three words “oscillation,” “ vibration,” 
and “undulation,” are used synonymously, and in contradistinction 
to the *2rms “ intermittent” and “pulsatory.” By the term “ body 
capabie of inductive action,” I mean a body which, when in motion, 
produces dynamical electricity. I include in the category of bodies 
capable of inductive action — brass, copper, and other metals, as well 
as iron and steel. 

Having described my invention, what I claim, and desire to secure 
by Letters Patent, is as follows: 

1. A system of telegraphy in which the receiver is set in vibra- 
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tion by the employment of undulatory currents of electricity, sub- - 
stantially as set forth. 

2. The combination, substantially as set forth, of a permanent 
magnet or other body capable of inductive action, with a closed 
circuit, so that the vibration of the one shall occasion electrical 
undulations in the other, or in itself, and this I claim, whether the ) 
permanent magnet be set in vibration in the neighborhood of the 
conducting-wire forming the circuit, or whether the conducting- 
wire be set in vibration in the neighborhood of the permanent mag- 
net, or whether the conducting-wire and the permanent magnet both 
simultaneously be set in vibration in each other’s neighborhood. 

3. The method of producing undulations in a continuous voltaic 
current by the vibration or motion of bodies capable of inductive 
action, or by the vibration or motion of the conducting-wire itself, 


in the neighborhood of such bodies, as set forth. 

4. The method of producing undulations in a continuous voltaic 
circuit by gradually increasing and diminishing the resistance of the 
circuit, or by gradually increasing and diminishing the power of the - 
battery, as set forth. 

5. The method of, and apparatus for, transmitting vocal or other we 
sounds telegraphically, as herein described, by causing electrical y 


undulations, similar in form to the vibrations of the air accompany- £ 
ing the said vocal or other sounds, substantially as set forth. 

In testimony whereof I have hereunto signed my name this 20th Y 
day of January, A. D. 1876. 

ALEX. GRAHAM BELL. 

Witnesses : 
Tuomas E. Barry, “ y 
P. D. RicHarps. 
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A. G@. BELL, 
TELEGRAPEY 
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UNITED STATES PATENT OFFICE. 


ALEXANDER GRAHAM BELL, OF Boston, MASSACHUSETTS. 


IMPROVEMENT IN ELECTRIC TELEGRAPEY. 


Specification forming part of Letters Patent No. 186,787, dated January 30, Li 
application filed January 15, 1877. 


To all whom it may concern: 


Be it known that I, ALEXANDER GRAHAM BE LL, of Boston, Mas- 
sachusetts, have invented certain new and useful Improvements in 
Electric Telephony, of which the following is a specification : 

In Letters Patent granted to me the 6th day of April, 1875, 
No. 161,739, and in an application for Letters Patent of the United 
States now pending, I have described a method of and apparatus 
for producing musical tones by the action of a rapidly-interrupted 
electrical current, whereby a number of telegraphic signals can be 
sent simultaneously along a single circuit. 

In another application for Letters Patent now pending in the 
United States Patent Office I have described a method of and 
apparatus for inducing an intermittent current of electricity upon a 
line- wire, whereby musical tones can be produced and a number of 
telegraphic signals be sent simultaneously over the same circuit, in 
either or in both directions; and in Letters Patent granted to me 
March 7, 1876, No. 174,465, I have shown and described a method 
of an apparatus for producing musical tones by the action of undu- 
latory currents of electricity, whereby a number of telegraphic 
signals can be sent simultaneously over the same circuit, in either 
or in both directions, and a single battery be used for the whole 
circuit. 

In the applications and patents above referred to, signals are 
transmitted simultaneously along a single wire by the employment 
of transmitting-instruments, each of which occasions a succession of 
electrical impulses differing in rate from the others, and are received 
without confusion by means of receiving-instruments, each tuned to 
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a pitch at which it will be put in vibration to produce its funda- | 
mental note by one only of the transmitting-instruments. A sepa- | 
rate instrument is therefore employed for every pitch, each instru- 
ment being capable of transmitting or receiving but a single note, 
and thus as many separate instruments are required as there are mes- 
sages or musical notes to be transmitted. 

My invention has for its object, first, the transmission simulta- 
neously of two or more musical notes or telegraphic signals along a 
single wire in either or both directions, and with a single battery 
for the whole circuit without the use of as many instruments as 
there are musical notes or telegraphic signals to be transmitted ; 


second, the electrical transmission by the same means of articulate 
speech and sound of every kind, whether musical or not; third, 
the electrical transmission of musical tones, articulate speech, or 
sounds of every kind, without the necessity of using a voltaic 
battery. 

In my Patent No. 174,465, dated March 7, 1876, I have shownas 
one form of transmitting-instrument a stretched membrane, to which 
the armature of an electro-magnet is attached, whereby motion can 
be imparted to the armature by the human voice, or by means of a 
musical instrument, or by sounds produced in any way. 

In accordance with my present invention I substitute for’ the 


membrane and armature shown in the transmitting and receiving : 
instruments alluded to above a plate of iron or steel capable of being 


thrown into vibration by sounds made in its neighborhood. 
The nature of my invention and the manner in which the same is 
or may be carried into effect will be understood by reference to the 


accompanying drawings, in which — 
Figure 1 is a perspective view of one form of my electric tele- 


« 


phone. Fig. 2 is a vertical section of the same, and Fig. 3 is a plan 
view of the apparatus. Tig. 4 is a diagram illustrating the arrange- | 
ment upon circuit. 

Similar letters in the drawings represent corresponding portions of 


the apparatus. 

A in said drawings represents a plate of iron or steel, which is 
fastened at B and C to the cover or sounding-box D.  E represents 
a speaking-tube, by which sounds may be conveyed to or from the 
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. plate A. Fis a bar of soft iron. G is a coil of insulated copper 
wire, placed around the extremity of the end H of the bar F. I is 
an adjusting-screw, whereby the distance of the end H from the plate 
A may be regulated. 

The electric telephones J, K, L, and M are placed at different 
stations upon a line, and are arranged upon circuit with a battery, 
N, as shown in diagram, Fig. 4. 

I have shown the apparatus in one of its simplest forms, it being 
well understood that the same may be varied in arrangement, com- 
bination, general construction, and form, as well as material of 
which the several parts are composed. 

The operation and use of this instrument are as follows: 

I would premise by saying that this instrument is and may be 
used both as a transmitter and as a receiver —that is to say, the 
sender of the message will use an instrument in every particular 
identical in construction and operation with that employed by the 
receiver, so that the same instrument can be used alternately as a 
receiver and a transmitter. 

In order to transmit a telegraphic message by means of these 
instruments, it is only necessary for the operator at a telephone 
(say J) to make a musical sound in any way in the neighborhood 
of the plate A —for convenience of operation, through the speak- 
ing-tube E — and to let the duration of the sound signify the dot or 
dash of the Morse alphabet, and for the operator who receives his 
message (say at M) to listen to his telephone, preferably through 
the speaking-tube E. When two or more musical signals are being 
transmitted over the same circuit all the telephones reproduce the 
signals for all the messages; but as the signals for each message 
differ in pitch from those for the other messages, it is easy for an 
operator to fix his attention upon one message and ignore the 


| other. 
When a large number of despatches are being simultaneously 


transmitted it will be advisable for the operator to listen to his 


telephone through a resonator, which will re-enforce to his ear the 


nae, 


signals which he desires to observe. In this way he is enabled to 


direct his attention to the signals for any given message without 
11 


ae TOO aggpaagace 


s * Le. he _ . 4 t lu - 
i dpe UR RD BR ne | hE Seta “ - - . 7 ae : 
5 oO sas SO See Se Ae, eR PN rot eer cant — 
Bashers MRE ee eee Per eee ai oa ¥g SEU ORS ee en nef tg ~~ 
ay a ke Sis std Ie Le eee Og ae ALP eae Pio Wag 
¥ bs 3 A oe PTE amc an Bae ORC FERN By tes 3 o 


PBB LRT PELE A SE So 


oe . 


BR eee Sp TGR es ee ne 
teh Dee eee 3 eel 


BELL’S PATENT NO. 186,787, OF JANUARY 30, 1877. 


TS EE TRI NO ae era iam alal 


being distracted or disturbed by the signals for any other messages ; 
that may be passing over the line at the time. 
The musical signals, if preferred, can be automatically received 


is Sa Ki GAs Stee 


by means of a resonator, one end of which is closed by a membrane, 4 
which vibrates only when the note with which the resonator is In 
unison is emitted by the receiving-telephone. The vibrations of 
the membrane may be made to operate a circuit-breaker, which will 
actuate a Morse sounder ora telegraphic recording or registering 
apparatus. 

One form of vibratory circuit-breaker which may be used for this 
purpose I have described in Letters Patent No. 178,399, June 6, 
1876. Hence by this plan the simultaneous transmission of a num- 
ber of telegraphic messages over a single circuit in the same or in 
both directions with a single main battery for the whole circuit 
and a single telephone at each station is rendered practicable. This 
is of great advantage in this, that for the conveyance of several 


messages, or signals, or sounds over a single wire simultaneously, 


itis no longer necessary to have separate instruments correspond- 
ingly tuned for each given sound, which plan requires nice adjust- 


SVs OG: OE 


ment of the corresponding instrumeuts, while the present improve- 


ment admits of a single instrument at each station, or, if for con- 


venience several are employed, they all are alike in construction, 


and need not be adjusted or tuned to particular pitches. 
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Whatever sound is made in the neighborhood of any telephone — 
say at J, Fig. 4—1s echoed in fac-simile by the telephones of all 
the other stations upon the circuit; hence this plan is also adapted 
for the use of the transmitting tntelligibly the exact sounds of artic- 
ulate speech. ‘To convey an articulate message it is only necessary 


for an operator to speak in the neighborhood of his telephone, 
preferably through the tube KE, and for another operator at a distant 
station upon the same circuit to listen to the telephone at that sta- 
tion. If two persons speak simultaneously in the neighborhuod of 
the same or different telephones, the utterances of the two speakers 
are reproduced simultaneously by all the other telephones on the 
same circuit; hence by this plan a number of vocal messages may 
be transmitted simultaneously on the same circuit, in either or both 
directions. All the effects noted above may be produced by the 
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same instruments without a battery by rendering the central bar F H 
permanently magnetic. Another form of telephone for use without 
a battery is shown in Fig. 5, in which O is a compound permanent 
magnet, to the poles of which are affixed poll-pieces of soft iron, P Q, 
surrounded by helices of insulated wire RS. 

Fig. 6 illustrates the arrangement upon circuits of similar instru- 
ments to that shown in Fig. 5. 

In lieu of the plate A in above figures, iron or steel reeds of defi- 
nite pitch may be placed in front of the electro-magnet O, and, in 
connection with a series of such instruments of different pitches, an 
arrangement upon circuit may be employed similar to that shown In 
my Patent No. 174,465, and illustrated in Fig. 6 of Sheet 2 in said 
patent. The battery, of course, may be omitted. 

This invention is not limited to the use of iron or steel, but 
includes within its scope any material capable of inductive action. 

The essential feature of the invention consists in the armature of 
the receiving-instrument being vibrated by the varying attraction of 
the electro-magnet so as to vibrate the air in the vicinity thereof in 
the same manner as the air is vibrated at the other end by the produc- 
tionof the sound. Itis, therefore, by no means necessary or essential 
that the transmitting-instrument should be of the same construction 
as the reeeiving-instrument. Any instrument receiving and trans- 
mitting the impression of agitated air may be used as the transmitter, 
although, for convenience and for reciprocal communication, I prefer 
to use like instruments at either end of an electrical wire. I have 
heretofore described and exhibited such other means of transmitting 
sound, as will be seen by reference to the proceedings of the Ameri- 
ean Academy of Arts and Sciences, Volume XII. 

For convenience, I prefer to apply to each instrument a call-bell. 
This may be arranged so as to ring, first, when the main circuit is 
opened ; second, when the bar F comes into contact with the plate A. 
The first is done to call attention; the second indicates when it is 
_necessary to readjust the magnet, for it is important that the dis- 
tance of the magnet from the plate should be as little as possible, 
without, however, being in contact. I have also found that the 
electrical undulations produced upon the main line by the vibratiou 


of the plate A are intensified by placing the coil G at the end of the 
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bar F nearest the plate A, and not extend it beyond the middle, or 
thereabout. 

Having thus described my invention, what I claim, and desire to 
secure by Letters Patent, 1s — 

1. The union upon, and by means of, an electric circuit of two or 
more instruments, constructed for operation substantially as herein 
shown and described, so that, if motion of any kind or form be pro- 
duced in any way in the armature of any one of the said instruments, 
the armatures of all the other instruments upon the same circuit will 
be moved in like manner and form, and if such motion be produced 
in the former by sound, like sound will be produced by the motion 
of the latter. 

2. Ina system of electric telegraphy or telephony, consisting of 
transmitting and receiving instruments united upon an electric cir- 
cuit, the production, in the armature of each receiving-instrument, of 
any given motion by subjecting said armature to an attraction vary- 
ing in intensity, however such variation may be produced in the 
magnet; and hence I claim the production of any given sound or 
sounds from the armature of the receiving-instrument by subjecting 
said armature to an attraction varying in intensity, in such manner 
as to throw the armature into that form of vibration that character- 
izes the given sound or sounds. 

3. The combination, with an electro-magnet, of a plate of iron or 
steel, or other material capable of inductive action, which can be 
thrown into vibration by the movement of surrounding air or by the 
aftraction of a magnet. 

4. In combination with a plate and electro magnet, as before 
claimed, the means herein described, or their mechanical equivalents, 
of adjusting the relative position of the two so that, without touch- 
ing, they may be set as closely together as possible. 

5. The formation, in an electric telephone such as herein shown 
and described, of a magnet with a coil upon the end or ends of the 
magnet nearest the plate. 

6. The combination, with an electric telephone such as described, 
of a sounding-box, substantially as herein shown and set forth. 


7. In combination with an electric telephone, as herein described, 
14 
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the employment of a speaking or hearing tube for conveying sounds 
to or from the telephone, substantially as set forth. 

8. Ina system of electric telephony, the combination of a per- 
manent magnet with a plate of iron or steel, or other material capa- 
ble of inductive action, with coils upon the end or ends of said magnet 
nearest the plate, substantially as set forth. 

In testimony whereof I have hereunto signed my name this 13th 
day of January, A. D. 1877. 

A. GRAHAM BELL. 

Witnesses : 

Henry R. Evviort, 
Ewe A. Dick. 
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[R*, p. 399.] 
To all whom it may concern: — 


Whereas, Alexander Graham Bell, of Boston, in the county of 
Suffolk and State of Massachusetts, did obtain three several Letters 
Patent of the United States for an improved system of telegraphy, 
telephony and telephonic apparatus, which Letters Patent bear date 
respectively, Maren seventh, A. D. eighteen hundred and seventy- 
six, and numbered 174,465; June sixth, A. D. eighteen hundred 


and seventy-six, and numbered 178,399; and January thirtieth, : 


a a ee ae BRR os eS 


A. D. eighteen hundred and seventy-seven, and numbered 186,187. 

And whereas Gardiner G. Hubbard, of Cambridge, in the County a 
of Middlesex and State of Massachusetts, Trustee, is desirous of 
acquiring an interest therein: Now this Indenture witnesseth that 
for a valuable consideration, viz., one dollar, and other valuable 
consideration to me in hand paid, the receipt of which is hereby 
acknowledged, I have assigned, sold and set over, and by these 
presents do assign, sell and set over unto the said Gardiner G. Hub- 
bard, Trustee, all the right, title and interest I have in the above- 
described invention, as secured to me by Letters Patent, for, to and 
in the United States and Territories, and in no other place or places. 
The same to be held and enjoyed by the said Gardiner “. Hubbard, 
Trustee, for his own use and behoof, and for the use and behoof of 
his legal representatives, to the full end of the term for which said 
Letters were granted, as fully and entirely as the same would have 
been held and enjoyed by me had this assignment and sale not been 


made. 
In testimony whereof, I have hereunto set my hand and affixed 


my seal this day of July, in the year of our Lord one 
thousand eight hundred and seventy-seven. 


ALEXANDER GRAHAM BELL. [sear] 


Sealed and delivered in presence of 
Cuas. Eustis Hupparp. 


[Recorded July 28, 1877. ] 
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HUBBARD TO BELL TELEPHONE COMPANY. 
[ Y??, p. 460. ] 
Lo all whom tt may concern: 


Whereas, Alexander Graham Bell, of Salem, Massachusetts, as 
assignor to himself, Thomas Sanders and Gardiner G. Hubbard, did 
obtain Letters Patent of the United States, bearing date April 6th, | 
1875, and numbered 161,739; and whereas said Alexander Graham 
Rell did obtain Letters Patent of the United States, bearing date 
March 7th, 1876, and numbered 174,465; bearing date June 6th, 
1876, and numbered 178,399 ; and bearing date January 30th, 1877, 
: and numbered 186,787, all of said Letters Patent being for improve- 


’ 


—— | 


ments in “Telegraphy, Telephony and Telephonic Apparatus,’ 


: in- 
nik vented by said Alexander Graham Bell; and whereas all of said ; 


Letters Patent have been assigned to Gardiner G. Hubbard, trustee, 


e BPEL, EL 


said Letters numbered 161,739, by deed of assignment, delivered : 
July 9th, 1877, and recorded in Liber T?!, page 448 of Transfers of 


Patents; and said Letters numbered 174,465, 178,399 and 186,787, 
by deed of assignment, delivered July 9th, 1877, and recorded in 
Liber R*®!, page 399 of Transfers of Patents; and said Hubbard, 


trustce, is now the owner of the above-described inventiona secured 
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by said Letters Patents ; and whereas, the Bell Telephone Company, 
it a corporation duly established under the laws of the Commonwealth 
of Massachusetts, and located at Boston, is desirous of acquiring the 
ownership of said inventions secured by said Letters Patent : — 
Now, this Indenture witnesseth that I, Gardiner G. Hubbard, 
trustee, in consideration of one dollar and other valuable considera- 


AT 
= Sane _——— 


i; tion to me in hand paid by said Bell Telephone Company, the receipt 
whereof is hereby acknowledged, have assigned, sold and set over, 
and by these presents do assign, sell and set over unto the said Bell 
Telephone Company, all my right, title and interest in the above- 
described inventions and in and to said Letters Patent, each and all 
of them, the same to be held and enjoyed by the said Bell Telephone 
Company for its own use and behoof, and for the use and behoof of 
its legal representatives to the full end of the term for which said 
Lette:s were granted, and any extension or reissue thereof as fully 
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EXHIBIT ASSIGNMENTS. 


- \ and entirely as the same would have been held and enjoyed by me 
had this assignment and sale not been made. 
In testimony whereof, I have hereunto set my hand and seal this 
twentieth day of July, in the year eighteen hundred and seventy- 
eight, being thereto duly authorized. : 


GARDINER G. HUBBARD, Trustee. [SEAL] 


In presence of 
4 C. E. Hupparp. 
R. W. DEVONSHIRE. 
[Recorded Oct. 8, 1878.] 


BELL TELEPHONE CO. TO AMERICAN BELL TELEPHONE CO. 
(12, p. 282.] 


Ivnow all men by these presents, That the Bell Telephone Company, 


{ 
J 
j 


a corporation established under the laws of the Commonwealth of 
Massachusetts, in consideration of one dollar to it paid by the Ameri- 

can Bell Telephone Company, a corporation established under the 

. laws of said Commonwealth, the receipt whereof is hereby acknowl- 
edged, does hereby grant and convey unto said American Bell Tele- 
phone Company the exclusive right under the following patents to 

all the territory of the United States, except the State of Massachu- 

setts; viz., Letters Patent No. 174,465, issued March 7, 1876, to 
Alexander Graham Bell for an improvement in telegraphy, and 

z Letters Patent No. 186,787, issued January 30, 1877, to said Alex- 
ander Graham Bell for an improvement in electric telegraphy and in 

<4 : and to the inventions therein described or intended to be described. 

To have and to hold the same to the said American Bell Tele- 
phone Company, its successors and assigns, to their own use and 
behoof forever. 

This instrument is made at the request of the National Bell Tele- 
phone Company in pursuance of an agreement between said Bell 
Telephone Company and said National Bell Telephone Company, 
dated March 20, 1879, said American Bell Telephone Company 
Sa being the appointees of said National Bell Telephone Company to 
| receive this conveyance, and in pursuance of an agreement between 
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said National Bell Telephone Company and said American Bell 
Telephone Company, dated May 8, 1880. 

In witness whereof, said Bell Telephone Compuny has caused its 
corporate seal to be hereto affixed and these presents to he signed 
in its name and behalf by William H. Forbes, its president, and 
William R. Driver, its treasurer, thereto duly authorized, this 
twenty-second day of June, A. D. 1880. 

fn 4 THE BELL TELEPHONE COMPANY, 

By W. H. Fores, President, 
Wm. R. Driver, Treasurer. 


Voted,— That the president and Treasurer be and they hereby are 
authorized and empowered in the name and on behalf of this Com- 
pany, to assign and transfer the patents No. 1/4,465, dated March 
7 1876, and No. 186,787, dated January 30. 1877 or any territorial 
or other interest in them to such assignee as the National Bell Tele- 
phone Company may request, in accordance with the agreement with 
said National Bell Telephone Company dated March 20. 1879 and 
in pursuance of the vote passed at the Stockholders’ meeting held 
February 20. 1879 authorizing the president and treasurer to con- 
vey all the property of this company to the National Bell Telephone 
Company, such assignment and transfer to be made at such times 
and in such manner and for such territory as said assignee may 
desire. 

A true copy of vote passed at a stockholders’ meeting of The Bell 
Telephone Company, duly held at Boston, Mass., June 21, 1880 


Attest: 
CHAS. EUSTIS HUBBARD, 
Clerk of The Bell Telephone Co. 


BELL TELEPHONE Co. 
Incorporated 1878. 


[ Recorded June 24, 1880. | 


EXHIBIT COMPLAINANTS’ INCORPORATION. 
Chapter 117. 
COMMONWEALTH OF MASSACHUSETTS. 
IN THE YEAR ONE THOUSAND EIGHT HUNDRED AND EIGHTY. 
AN ACT to Incorporate the American Bell Telephone Company. 
Be it enacted by the Senate and House of Representatives, in Gen- 
eral Court assembled, and by the authority of the same, as fol- 


lows: — 


| 
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| Section 1. Alexander Graham Bell, William H. Forbes, George 
Z. Silsbee, Richard S. Fay, Alexander Cochrane, George L. Brad- 
ley, Francis Blake, Jr., Thomas Sanders, and Charles Eustis Hub- 
bard, and their associates, may associate themselves and organize a 
corporation, according to the provisions of chapter two hundred 
and twenty-four of the acts of the year eighteen hundred and seventy, 
and the acts in amendment thereof and addition thereto, for the pur- 
pose of maxufacturing, owning, selling, using, and licensing others 
to use electric speaking telephones and other apparatus and appli- 
ances pertaining to the transmission of intelligence hy electricity, 
and for that purpose constructing and maintaining by itself and its 
licensees public and private lines and district exchanges, with a 
capital stock exceeding one million of dollars, and not exceeding 


ten millions of dollars. 

SecTION 2. For the purposes aforesaid, said corporation may 
become astockholder in, or become interested with other corporations 
hereafter organized for like purposes, or already established for the 
‘ transaction of telephonic business under its patents and no others: 

provided, that said corporation shall not become a stockholder in any 
t other corporation doing business in this State to an amount exceed- 
| ing thirty per cent of the capital stock of said last-named corporation. 
\ And it and its licensees may, within this Commonwealth, enjoy the 
righ‘s given by chapter sixty-four of the General Statutes and Acts 
( amendatory thereof, and shall be subject to the liabilities therein im- 
) posed ; but section ten of said chapter shall only apply to their public 

lines; and the apportionment provided by section five of chapter two 
: hundred and eighty-three of the acts of the year eighteen hundred 
and sixty-five, and acts amendatory thereof, shall be made upon the 
number of telephones in use by it, or under its authority, or with its 
permission, or under Letters Patent owned or controlled by it, with- 


oe 


in and without this Commonwealth, respectively ; and the returns to 
be made under said act shall state the facts required for such appor- 
| tionment in such form as the tax commissioner may determine; and 
it shall be the duty of said tax commissioner or his deputy to annu- 


ally examine the books, accounts and papers of said corporation, so 


far as may be necessary for the verification of said returns. 
Section 3. Whenan injury is done to a person or to property by 


part, as sf 
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the posts, wires, telephones or other apparatus of the corporation, 
caused by any negligence on the part of itself or its officers, or on 
the part of any of its agents, servants, employés or operatives, the 
corporation shall be responsible in damages to the party injured. 

SeoTion 4. The franchise or charter of said corporation shall not 
be sold or offered for sale, or leased to any company, or to any per- 
son or association of persons, without the consentof the Legislature ; 
and any contract made contrary to the provisions of this act shall be 
void. And this charter may be revoked by the Legislature for any 
cause which they deem sufficient. 

Section 5. The provisions of the first and second sections of the 
three hundred and tenth chapter of the acts of the year eighteen 
hundred and sixty-eight shall apply to said telephone company and 
its licensees. Said corporation shall be subject to all general laws 
that now are or that may be hereafter in force relating to similar 


corporations, so far as the same shall not be inconsistent with the 


provisions of this act. 
Section 6. This act shall take effect upon its passage. 


House OF REPRESENTATIVES, March 12th, 1880. 


Passed to be enacted. 
CuARLEs J. Noyes, Speaker. 


In SENATE, March 17, 1880. 


Passed to be enacted. 
Rovert R. Bisnor, President. 


March 19, 1880. Approved. 
JOHN D. Lone. 


SECRETARY’S DEPARTMENT, Boston, March 19, 1880. 


A true copy. 
Witness the seal of the Commonwealth. 
[SEAL OF THE Henry B. Perrce, 
COMMONWEALTH | Secretary of the Commonwealth. 
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COMMONWEALTH OF MASSACHUSETTS. 
No. 1077. 

Be it known that whereas W. H. Forbes, George L. Bradley, 
G. Z. Silsbee, Cnarles Eustis Hubbard, Francis Blake, W. G. 
Saltonstall, Richard S. Fay, R. W. Devonshire, Charles Emerson, 
Thomas B. Bailey and C. M. Whitcomb have associated themselves 
with the intention of forming a corporation under the name of the 
American Bell Telephone Company, for the purpose of manufactur- 
ing, owning, selling, using, and licensing others to use, electric 
speaking telephones, and other apparatus and appliances pertaining 
to the transmission of intelligence by electricity, and for that pur- 
pose constructing and maintaining, by itself and its licensees, public 
and private lines and district exchanges, with a capital of seven mill- 
ion three hundred and fifty thousand dollars, and have complied with 
the provisions of the statutes of this Commonwealtt. in such case 
made and provided, as appears from the certificate of the President, 
Treasurer and Directors of said corporation, duly approved by the 
Commissioner of Corporations, and recorded in this office : — 

Now, therefore, I, Henry B. Peirce, Secretary of the Common- 
wealth of Massachusetts, do hereby certify that said W. H. Forbes, 
G. L. Bradley, G. Z. Silsbee, C. E. Hubbard, F. Blake, W. G. 
Saltonstall, R. S. Fay, R. W. Devonshire, C. Emerson, T. B. Bailey 
and C. M. Whitcomb, their associates and successors,’ are legally or- 
_ ganized and established as and are hereby made an existing corpora- 
tion under the name of the American Bell Telephone Company, with 
the powers, rights and privileges, and subject to the limitations, 
duties and restrictions, which by law appertain thereto. 

Witness my official signature hereunto subscribed, and the seal of 
the Commonwealth of Massachusetts hereunto affixed, this seven- 
teenth day of April, in the year of our Lord one thousand eight 
hundred and eighty. 


(Signed ) HENRY B. PEIRCE, 
[ SEAL | Secretary of the Commonwealth. 
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COMMONWEALTH OF MASSACHUSETTS. 
SECRETARY’S DERARTMENT, Boston, Oct. 13, 1880. 


I hereby certify that the foregoing is a true copy of the certificate 
of incorporation of the American Bell Telephone Company, organ- 
ized under the provisions of chapter two hundred and twenty-four of 
hteen hundred and seventy, and chapter one 


1o 
>) 
hundred and seventeen, of eighteen hundred and eighty, having “ the 
force and effect of a special charter,” as appears by the records of 


the Acts of the year e 


this department, 
Witness the seal of the Commonwealth. 


HENRY B. PEIRCE, 
[ SEAL ] Secretary of the Commonwealth. 


COMPLAINANTS’ EXHIBIT HUBBARD’S DECLARATION OF 
TRUST. 


BELL TELEPHONE COMPANY, DECLARATION OF TRUST. 
[Liber R®, p. 400.] 

Whereas, Letters Patent of the United States were issued to 
Alexander Graham Bell as assignor of hims-lf, Thomas Sanders and 
Gardiner G. Hubbard, bearing date April 6, 1875, and numbered 
161,739; to Alexander Graham Bell, bearing date March 7, 1876, 
and numbered 174,465; to Alexander Graham Bell, bearing date 
June 6, 1876, and numbered 178,399; and to Alexander Graham 
Bell, bearing date Jan. 30, 1877, and numbered 186,787. 

All of said Letters Patent being for improvements in “ Telegraphy, 
Telephony and Telephonic Apparatus ” invented by said Alexander 
Graham Bell; 

And whereas said inventions and said Letters Patent have all been 
assigned to Gardiner G. Hubbard of Cambridge, in the County of 
Middlesex and Commonwealth of Massachusetts, Trustee ; 

And whereas it is proposed to organize an Association for the pur- 


pose of manufacturing and introducing said Telephones into general 


use throughout the Unites 
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. Now, therefore, I, the said Gardiner G. Hubbard, agree to and 4 
by these Presents, do place said Patents and all other Patents and 3 
Inventions relating to Telephones which I may hereafter receive or 


acquire ; also all the profits and proceeds derived from licensing cr 


authorizing others to make, se, sell and introduce into use, suid 3 
Telephones, and from the sale of all or any portion or portions or the 4 
territorial right to make, use or sell the said Teleph nes, under said g 
Patents or any of them, after deducting therefrom and paying all the 3 


costs, charges and expenses of or incident to said business, in trust. 
And I will, and my successors in trust shall, hold the same an I all : 


the same in trust, until disposed of as hereinafter provided ; and I -§ 
do hereby declare said trust and the terms, conditions, provi-ions, 
restrictions and limitations thereof, which shall be and continue 
equally binding upon me and my successors in trust, and all the per- 
sons and parties who now or may hereafter become owners of or 
interested in the shares herein and hereby created, to wit: — 

First. The business of manufacturing Telephones and licen-ing 
parties to use the same fora royalty shall be carried on and man- 
aged by the trustee under the name of the Bell Telephone Company, 

pa under and in accordance with such general directions, rules and reg- 


ulations as may be made for that purpose by the Board of Managers 


hereinafter provided for, and all the results and _ profits thereof, 
after paying all the proper costs and expenses of carrying on and 
managing said business, and all the property and money which may 
be paid to or come into the hands of the said Trustee, belonging to 
| this business, and the proceeds of the sale of said property, if the 


same shall ever be sold, under the provisions hereinafter contained, 


shall all be held in trust until the same is paid over to the Associa- 


tion herein and hereby organized; and the rights to the same, when 


divided, as hereinafter provided for, shall be, and hereby are, 


divided into five thousand shares. 


Second. The owners of said shares shall constitute and become, 


‘ by the fact of such ownership, an Association of which each individ- 


ual owner of one or more shares shall be an individual member dur- 


ing such ownership, and in all meetings of such Association herein 


provided fur each and every member of said Association shall be 


entitled to one vote in person or by proxy, for each and every share 
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owned by him and standing in his name, and each share shall entitle 
its owner to its pro rata share in all moneys divided by the Board 
of Managers upon said shares. 

Third. No member of said Association shall as such or in con- 


sequence of such membership have any right to or control over any 


property or money in the hands of the Trustee or Treasurer, or of 


the business herein contemplated, except by and through the Board 
of Managers herein provided for; and no member of the Association 
or of the Board of Managers shall have authority or right to bind or 
render liable the Association, or the individual members thereof, by 
any contract or obligation whatever. 

Fourth. All the business affairs and interests of said Association 
shall be wholly under the supervision and control of a Board of 
Managers of not less than three nor more than five persons, of whom 
the Trustee shall be one, the others to be elected by the members of 
the Association from their number by ballot; said Board of Man- 
agers shall act only as a Board, a majority of them constituting a 
quorum for business. All the active business of the Association 
shall be done by agents, clerks and servants, who shall be appointed 
by and responsible to said Board; and no member of the Associa- 
tion, whether a Manager or not, shall have any authority to act for 
the association in any way whatever, except as he may be authorized 
by the Board of Managers. The Board of Managers may refer any 
question of business of the Association to a meeting of the share- 
holders, and in such ease shall act in accordance with such vote or 
votes as may be passed in relation thereto; and they shall in all 
cases when a vote is passed by the shareholders upon any question 
of interest to the Association be governed by suchvote. The Board 
of Managers shall declare and cause to be paid to the shareholders 
pro rata dividends of net money in the hands of the Treasurer. 
Meetings of the Board of Managers shall be called in such way as 
they may prescribe. 

Fifth. The Board of Managers and all other officers of the Asso- 
ciation shall hold their offices and perform the duties thereof until 
others are elected or appointed in their places. When a vacancy 
occurs in the Board of Managers, it shall be filled by an election by 
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the remaining members of the Board, until the next regular meeting, 
when the shareholders may elect. 

Sixth. A regular annual meeting of the shareholders of the Asso- 
ciation shall be held on the first Monday of June in each year, at 
twelve o'clock, noon, at such place as shall be appointed by the 
Board of Managers, of which notice shall be addressed by mail to 
each shareholder at his last known post-office address. At such an- 
nual meeting, or any special meeting called tn lieu of it, a Board of 
Managers, Treasurer and Clerk shall be elected, and any other busi- 
ness which may properly come before the Association voted upon. 
At all meetings of the shareholders, one half in interest in the Asso- 
ciation, if no more be present, shall constitute a quorum. The 
trustee shall preside at all meetings, if. present; if not present, a 
presiding officer shall be chosen. If by mistake or otherwise the 
annual meeting is not held at the time and in the manner specified, 
it may be called and held at any time and place designated by the 
Board of Managers or the Trustee, by sending notice to each share- 
holder by mail, as above specified, at least ten days before the time 
designated for the meeting ; and the sworn certificate of the Trustee 
or either one of the Board of Managers, that such notice was given, 
shall be deemed conclusive evidence that it was so given. A 
special meeting of the shareholders shall be called by the Trustee or 
any member of the Board of Managers to vote in relation to any 
question of interest to the Association, when one third in interest of 
the shareholders shall make a request in writing to that effect, 
notice of the meeting and the purpose of it to be given as before 
provided. <A legal meeting of the shareholders may be held at any 


time when all the shares are represented by the owners in person or 


by proxy, without any previous notice. Records of all meetings of 
shareholders and of the Board of Managers shall be made by the 
Trustee or other person appointed for that purpose by the Board of 
Managers in books kept by the Association for the purpose, which 
shall clearly set forth all votes passed or acted upon, which shall be 


attested by the person making it; and such attestation shall be con- 
clusive of its correctness. 

Seventh. Each shareholder in the Association shall be entitled to, 
and receive from, the Trustee a certificate setting furth how many 
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shares therein he is the owner of, which certificate shall bear upon - ff 
the back of it this Declaration of Trust. Shares in this Association rs 
and all the rights and interests they represent may be transferred by 
an assignment in writing on the certificate; but no transfer of 
shares will be recognized by the Trustee until the old certificate is 
surrendered and a new one issued, according to the interest of the 
parties. There shall be kept by the Trustee a record of all the 
shares of the Association and all transfers of the same, and the resi- 
dence: of the owners as given by them. 

Eighth. The Treasurer of the Association, or other officer ap- 
pointed for that purpose, shall keep a clear and accurate account, 
by double entry, of all the business transactions of the Association, 
which said books and all other books of the Association shall always, 
at reasonable business hours, be open for inspection by the share- 
owners. The Trustee shall keep a full and complete record of all 
the business done by him as Trustee under this Trust, which shall at 
all times be open to inspection by the Board of Managers. 

Ninth. If no otber provision is made by the Board of Managers, 
the Trustee shall act as general agent of the Association, and shall 
perform or cause to be performed under his supervision, and in 
accordance with the directions of the Board of Managers, the duties 
of such office until special officers are appointed by the Board of 
Managers to perform them; and the Trustee or other officer in 
charge of the business shall pay out of the funds of the Association, 
subject to the direction of the Board of Managers, all the proper 
and legitimate charges and expenses incurred by him in and about 


the management of the business. 
Tenth. The property held in trust, or any portion thereof, shall “ 


be sold, transferred, conveyed, released and delivered by the Trustee 
free of and discharged from this trust, or otherwise, whenever he is 
directed by a vote of the shareholders so to do at a meeting called 


and held for that purpose, and .at which at least seven eighths in 


interest of the shares are represented ; and when such disposition of 


the trust property is made, and the proceeds thereof, after paying 


all debts, costs, charzes and expenses, have been paid over to the 


Association, and divided pro rata upon all the shares, then this Asso- 
ciation shall be dissolved and cease to exist, and, upon payment of 
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such final dividend, all the certificates shall be surrendered and can- 
celled. 

The decease of any member of the Association shall not work a 
dissolution of it, nor shall it entitle his legal representatives to an 
account, or to take any action in the Courts or otherwise against the 


Association or the Trustee for such account; but they shall simply 


succeed to the right of the deceased to the certificate and the shares 
it represents, subject to this Declaration of Trust. | 

Eleventh. In case of the decease, resignation or inability of the 
Trustee to act, a special meeting of shareholders shall be called for 
the purpose, and a new Trustee shall be elected, who shall succeed 
to all the rights and duties of his predecessor. If the shareholders 
shall become dissatisfied with the Trustee for any reason whatever, 
and shall, at a meeting called for that purpose, by a vote of three 
quarters in interest, request his resignation, he shall cease to be and 
to act as Trustee, and upon the election of a new Trustee shall con- 
vey all the property, rights and interests held by him under this 
Trust to the new Trustee. 

The shares and certificates representing them are issued by the 
Trustee and accepted by the holder, subject to all the foregoing 
provisions. 

In witness whereof, I, the said Gardiner G. Hubbard, have here- 
unto set my hand and seal this ninth day of July, 1877. 

GARDINER G. HUBBARD. [seat] 

In presence of 

Cuas. Eustis Husparp. 
[Recorded July 28, 1877. | 


EXHIBIT NATIONAL BELL TELEPHONE COMPANY ASSIGN- 
MENT. CHAS. H. SWAN, SPECIAL EXAMINER. 

Know all men, that the National Bell Telephone Company, a 

corporation duly created under the laws of Massachusetts, in con- 

sideration of one dollar to it paid by the American Bell Telephone 


e mop iiry , the receipt whereof is hereby acknowledged, hath granted, 
4 


to said American Bell Telephone Company 
sold, assigned and transferred , all the right, title and interest, legal 
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and equitable, which it hath to or under the following described 
patents of the United States and the inventions therein described, 
and all reissues and extensions thereof, to wit: — 

‘Number 161,739, dated April 6, 1875, granted to Alexander 
Graham Bell, Assignor to himself, Thomas Sanders and Gardiner 
G. Hubbard, for Improvement in Transmitters and Receivers for 
Kelectric Telegraphs. 

Number 174,465, dated March 7, 1876, granted to Alexander 
Graham Bell, for an Improvement in Telegraphy. 

Number 178,399, dated June 6, 1876, granted to Alexander 
Graham Bell for improvements in Telephonic Telegraph Receivers. 

Number 186,787, dated January 30, 1877, granted to Alexander 
Graham Bell, for improvements in Electric Telegraphy. 

And also, all its right, title and interest in, and to all patents, 
patent rights, and inventions, whether patented or not, including all 
licenses and rights to licenses, under inventions heretofore made and 
hereafter to be made. 

To have and to hold the rights and interests hereby assigned to 
the said American Bell Telephone Company, its successors and 
assigns, to their own use and behoof forever. 

In witness whereof the said National Bell Telephone Company 
hath caused its corporate seal to be hereto affixed, and these presents 
to be subscribed by its president and treasurer, thereto duly author- 
ized this eighth day of May A. D. 1880. 


THE NATIONAL BELL TELEPONE COMPANY. 


SEAL OF ] By Wit.tiam H. Forses, Prest. 


Nat’L BELL TEL. Co. 


Wm. R. Driver, Treas. 


In presence of (the words, “to said American 
Bell Telephone Company” being interlined be- 
fore the execution hereof) W. P. MonracueE. 


UNITED STATES 


PATENT OFFICE. 


HENRY CLAY, OF PHILADELPHIA, PENNSYLVANIA, ASSIGNOR TO THF CLAY 
COMMERCIAL TELEPHONE COMPANY, OF SAME PLACE. 


TELEPHONIC TRANSMITTER. 


SPECIFICATION forming part of Letters Patent No. 298,286, dated May 6, 1884. 


Application filed May 1, 1883. 


To all ivhony tt may concern: 

Be it known that I, Henry CLAy, a citizen 
of the United States, residing at Philadelphia, 
in the county. of Philadelphia and State .of 

5 Pennsylvania, have invented certain new and 
useful Improvements in Telephonic Transmit- 
ters, of which the following is a specification, 
reference being had therein to the accompa- 
nyving drawings, wherein— 

Figure 1 is a vertical section of an electric 
transmitter embodying my invention. Figs. 2 
and 3 are respectively a perspective and an 
elevation of details. Fig. 4 is a vertical sec- 
tion illustrating modified arrangement of cir- 
15 cuits. Fig. 5 is a similar view of a modifica- 

tion of my invention, and Figs. 6 and 7 are 
respectively a perspective and a section of 
further modifications. 
My invention has relation to that class of 
20 telephonic transmitters wherein the changes 
of pressure upon a earbon block cause it to 
offer different resistances to the passage of an 
electric current, so as to vary its strength in 
unison with the rise and fall of voeal utter- 
25 ances; and it has for its object to simplify the 
construction of the instrument, make it more 
compact and durable, regulate the foree of 
contact of the electrodes, and increase the 
electro-motive foree of the induced currents. 

My invention accordingly consists of the 
novel combination, construction, and arrange- 
ment of parts, as hereinafter deseribed and 
claimed. 

In the drawings, A represents 2a box or Gas- 
35 ing having a hinged lid, a, to which is suita- 

bly secured a diaphragm, B, having a platina 

or other clectrode, b, attached thereto. On 

each side of said electrode, and seenred to dia- 

phragm B, are brackets or supports C, which 

40 have an upward inclination, as shown, so that 

when the carbon block D is placed thereon it 

nutomatically maintains its contact with the 
electrode b. 

b’ represents another electrode secured to a 

45 bar, e, fastened to the endsé’ ¢’ ofan induction- 

coil, 8, the core & of which is pivoted at f to 

a nut, F, engaging with ascrew, G, having a 

shoulder, g, and bearings 97’ g? iv an arm or 

_bracket, U1, secured to door a or one of the 
5° sides of the box A. The core e’ is ent away 

at & or at its lower end, which is in line with 
a soft-iron or other bar, I, capable of being 
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eT 
of the block D is -cansed by vibratic 


(No model.) 


magnetized. Said bar is threaded at 7, and is 
supported by the door a, so as to be adjusta-. 
ble to and from the end @ of core e. By 


turning the screw G the nut F is adjusted 


thereon, to regulate the contact of electrode b’ 
with carbon block D, and such initial contaet 
is duly maintained by the gravity of the indue- 
tion-coil EK, while the pivotal connection of the 
latter permits it to yield te the vibrations of 
the diaphragm B. 

J represents the local battery or generator 
in circuit with the electrodes and the primary 
circuit of the induction-coil EK, and 1 the line 
leading to the secondary circuit of sach coil, 
and is suitably grounded, as shown at 2%. 
Such arrangement is the usual onc, and is 
more plainly shown in Fig. 4. 

The operation is as follows: The initial ad- 
justment of the screw G being made for ob- 
taining corresponding contact of the elec- 
trodes, the bar I is adjusted until its end 7? 
nearly but not quite contacts with the end ¢ 
of core &. The sound-waves vibrating the 
diaphragm B vary the strength of the battery- 
current and set up corresponding induced ecur- 
rents in thesecondary circuit of the coil Kin the 
customary manner, and correspondingly mag- 
netize the core e’, which in turn is proportion- 
ately attracted by bar I, and thereby regulates 
the force of contact of the electrodes in uni- 
son with the vibrations of the diaphragm, to 
obtain a more efficient variation in the bat- 
tery-current; or, in other words, the coil I is 
not only an induction coil, but also aets as a 
governor -for regulating the force of contact of 
the electrodes and a damper for the dia 
phragm, which is prevented trom having pro- 
longed vibrations by the gravity of the indue- 
tion- coil. The variations of the magnetie 
charge induced in core & variably magnetize 
bar I for regulating the force of contact of the 
electrodes. 

It will be noticed that the carbon block D 
is loose upon the supports ©, and presents 
diametrical points for contact with the elee- 
trodes, as more plainly shown in Figs. 2 and 
3. Consequently, as the diaphragm vibrates, 
the block D rotates and presents new points 
of contact for the electrodes. This revolving 
Is Of the 
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the partial revolution of the block at each vi- 
bration of the diaphragm is very minute, in 
the aggregate it is sufficient to turn the block 
in such a manner as {to make the wear upon 
the latter uniform. 

If an aural tube, K, is attached to box A 
as represented in Fig. 1, the instrument may 
be used. as a receiver, as well as a transmit- 
ter, the receiving sound-waves being produced 
by the vibration of the diaphragm. 

In Fig. 5 I have represented my invention 
applied to a portable or hand transmitter, 
wherein the screw G and appurtenances are 
dispensed with, a spring being substituted 
therefor, the carbon block D resting within a 
recess on the bar e, and the core e’ is pro- 
vided with an adjusting-screw, M, having an 
insulated end, m. The casing A has an aural 
or ear piece, as shown. 

In Fig. 6 is shown a deflector, L, which 
serves the same purpose as the tube K. In 
this figure the diaphragm B is in the front of 
the device, and the deflector L is at one end, 
and so saaped as to be oppositetheear. The 
sound from the diaphragm passes through the 
opening L’ in the case to the deflector, and 
from thence out of opening L’. 

In Fig. 7 I have illustrated a modified ar- 
rangement of the primary and secondary cir- 
cuits of the induction-coil E. Such construc- 
tion causes the received articulations to be more 
distinct or pronounced by reason of a part of 
the secondary circuit being wound next the 
core e’. While I have shown the supports C 
having inclined sides, in order that the gravity 
of the block D may be utilized to maintain‘its 
contact with the electrode b, yet I do not con- 
fine my invention thereto, as said supports 
may be right-angle brackets and the box A 
tilted forward at its upper end to cause said 
block to make contact with electrode b. So, 
too, while I have represented screw and spring 
mechanism for causing the core e’ and coil E 
to maintain contact of electrode b’ and block 
D, yet I do not limit myself thereto, as any 
other suitable mechanism or appurtenances 
that will accomplish such result may be sub- 
‘vituted therefor, said coil being in all cases 
provided with or carrying the electrode b’. 

I am aware that a swinging bar, a dia- 
phragm, electrodes interposed between the 
bar and diaphragm, and an electro-magneto- 
controlling device combined together are old. 
My device differs from that form in that I 
dispense with the bar and electro-magnetic- 
controlling device, and substitute an induc- 
tion-coil which has electrodes interposed be- 
tween it and the diaphragm. 

I am aware that a carbon block has been 
held between two brackets, each attached to 
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a separat? diaphragm, and to that I make no | 


claim. My device differs from this construc- 
tio: in that both brackets are attaebed to one 
part, as shown. _ 
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electrodes interposed between said diaphragm 
and induction coil, which by its gravity main- 
tains and regulates the force of contact of said 
electrodes, substantially as described. 

2. Ina telephonic transmitter, the combina- 
tion of a diaphragm, an adjustably suspended 
or supported induction - coil, and electrodes 
interposed between the diaphragm and induc- 
tion-coil, substantially as described. 

3. The combination, with a diaphragm, B, 
having brackets C C, and electrode 8, of a ear- 
bon block, D, held on said brackets, and elee- 
trode 4’, substantially as described. 

4. The combination of a diaphragm carry- 
ing an electrode, a suspended and adjustable 
induction-coil having an electrode, and a car- 
bon bloek between said electrodes, substan- 
tially as shown and described. 

5. The combination of a diaphragm, B, in- 
duction-coil E, having a projecting core, elec- 
trodes interposed between the diaphragm and 


-eoil, and magnetie bar I, substantially as de- 


scribed. 

6. In atelephonic transmitter, the combina- 
tion of a diaphragm and an induction-coil ar- 
ranged to regulate by its gravity the force of 
contact between the electrodes and to dampen 
the prolonged vibrations of said diaphragm, 
substantjally as set forth. 

7. The combination of diaphragm B, indue- 
tion-coil E, having core ce’, electrodes inter- 
posed between the diaphragm and eoil, and 
magnetic bar I, substantially as shown and de- 
scribed. 

8. The combination of diaphragm B, indue- 
tion-coil EK, having core e’, electrodes inter- 
posed between the diaphragm and coil, bar T, 
and ear piece or tube K, substantially as 
shown and described. 

9. The combination of diaphragm B, the 
pivoted or suspended induction-coil E, having 
core e’, electrodes interposed dDetween the dia- 
phragm and coil, and adjustable bar I, sub- 
stantially as shown and described. 

10. The combination of diaphragin B, piv- 
oted and adjustable induction-coil EK, elec- 
trodes interposed between the diaphragm and 
coil, and adjustable bar I, substantially as 
shown and described. 

11. In a telephonic ¢ransmitter, the conbi- 
nation, with the induction-coil E, of core e’, 
nut F, and screw G, substantially as shown 
and deseribed. 

12. The combination of diaphragm B, ear- 
rying electrode 6, and brackets C C, the ad- 
justable induction coil E, carrying electrode 
b’, and the carbon block D, supported upon 
said brackets, and presenting diametrical 
points of contact to the electrodes, substan- 
tially as shown and described. 

In testimony whereof I affix my signature in 


' presence of two witnesses. 


HENRY CLAY. 
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sides of the box A. The core eis eut away 
at & or at its lower end, which is in line with 
a soft-iron or other bar, I, capable of being 
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UNITED STATES 


PATENT OFFICE. 


HENRY CLAY, OF PHILADELPHIA, PENNSYLVANIA. 


TELEPHONE. 


SPECIFICATION forming part_of Letiers Patent No. 277,112, dated May 8, 1883, 


Application filed September 21, 1882. 


(No model.) 


To all whom it may concern: 

Be it known thatI, HENRY CLAY, a citizen 
of the United States, residing in the city and 
county of Philadelphia, State of Pennsylvania, 
have invented a new and useful Improvement 
in Telephones, which improvement is fully set 
forth in the following specification and ac- 
companying drawings, in which— 

Figure 1 isa front view of the telephone em- 
bodying my invention. Fig. 2 is a side eleva- 
tion thereof. Fig.3 is a section thereof in 
line xz, Fig. 2. Fig. 4 is a section thereof in 
line y y, Fig. 3. 

Similar letters of reference indicate corre- 
sponding parts in the several figures. 

My invention consists of certain improve- 
ments in telephones, the construction, opera- 
tion, and advantages whereof will be hereinaf- 
ter fully set forth. 

Referring to the drawings, A represents a 
compound or complex magnet formed of the 
poles or limbs aa b, connected as at a’, the 
poles a a being north, and the pole 5 south, or 
vice versa. 

3 represents the cap of the mouth or ear 
piece C; and D represents a spool, which is 
secured within said cap B, at the back thereof 
and has the legs, of the magnet A passed 
through if, so that their ends project beyond 
the inside thereof. 

To the ends of the poles or limbs a a is se- 
cured an annulus, E, with which is magneti- 
cally connected a diaphragm, F, it being no- 
ticed that the pole b occupies a position adja- 
cent to the inner face of the center of the dia- 
phragm, but is not in contact therewith, as 
more readily seen in Fig. 3. 

G represents a coil of wire which is within 
thespool D, said wire inclosing the entire mag- 
netic field—that is to say, the poles a a and b 
collectively, but not surrounding any one of 
said poles individually. This wire coil forms 
part of an electric circuit, being connected to 
binding-posts and screws G’ G’, and is the 
magnetizing-belix of the magnet. Of course 
a permanent magnet may be employ ed instead 
of a temporary one. 

The instrument is shown as a receiver, and 
the action of the current coming from the con- 
nected instrument overthe wires which enter 
or are secured to the posts G’ is continued 
through the coil G around the entire magnetic 

e and ag the current vemses, the magnet- 
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action on the diaphragm F, causing the same 
to vibrate, and thus toemit sounds correspond- 
ing to those received by the instrument at the 
other end of the line. 

It will be seen that as the diapbragm is 
firmly connected with the poles a of the com- 
pound magnet through the annulus EH, and said 
diaphragm is free to move opposite the pole d, 
its vibrations become more violent and the 
transmitted sound more audible. 

By the use of the magnet and passage of the 
wire of the coil Gin planes at aright angle to 
the axis of the pole ) and partly around the 
two polesa, I obtain an instrament which will 
convey and deliver the sound with but slight 
loss of its intensity. 

The diaphragm acting asa keeper, being in 
close proximity to the south pole and magneti- 
cally connected with the north pole, aagments 
and strengthens the maguetic curves, and 
causes the instrument to centinually become 
more effective in action instead of dimivish. 
ing. 

When the instrument is to be used asa 
transmitter the construction is not varied ; but 
the action is in reversed order to that stated. 

Having thus described my invention, what I 
claim as new, and desire to secure by Letters 
Patent, is— 

1. Iu a telephone, a magnet having three 
poles, a a b, the former two being of opposite 
polarity to the latter, in combination with a 
helix or coil of wire surrounding all the poles 
collectively, and a diaphragm attached to the 
poles a a, but not attached to the pole d, sub. 
stantially as set forth. 

2. A compound magnet consisting of three 
limbs, the middle one being of polarity oppo- 
site to that of the others, in combiuation with 
a metallic plate or armature which Is attached 
to the two outer poles, but not to the middle 
pole, as set forth. 

3. A magnet consisting of three connected 
limbs, the middle being of polarity opposite to 
that of the outer limbs, in combination with 
a metallic plate or armature attached to the 
two outer limbs, but free from the middle 
limb, and a helix which surrounds all the poles 
collectiv ely, but no one of them individually, 
substantially as set forth. 

HENRY CLAY, 

Witnesses: 

JOHN A. WIEDERSHELIY, 
A. P. GRANT, 
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DEPOSITION OF CHARLES EUSTIS HUBBARD. 
Boston, November 21, 1884. 


Direct Examination by GEorcE L. Roperts, Esq., of Counsel for 
Complainants. 

Int. 1. State your name, age, residence, and occupation. 

Ans. Charles Eustis Hubbard; I am forty-two years old; | 
live in Boston, and am a lawyer. 

Int. 2. Ishow you a certified copy of certain assignments marked 
“Exhibit Assignmcnts,” and call your attention to the first instru- 
ment contained therein, dated July, 1877, which shows the name 
of Charles Eustis Hubbard as an attesting witness. Please state 
whether you remember to have witnessed the execution of the origi- 
nal assignment, and to have signed the same as the attesting witness 
thereof. 

| Mr. SHEPPARD objects to the question. | 

Ans. Ido. I drafted the original of which this is a copy, and it 
was executed by Mr. Bell in my office and witnessed by me. 

Int. 3. The grantee of this instrument is Gardiner G. Hubbard, 
trustee; was there, to your knowledge, a written instrument de- 
fining the powers and duties of such trustee, and what relation is 
the said Gardiner G. Hubbard to you? 

Ans. There was such an instrument defining the trust. It was 
drafted by me. Said Gardiner G. Hubbard is my brother. 

Int. 4. Please examine the certified copy now shown you, 


and state whether it is a copy of the declaration of trust just referred 


to by you, and whether you remember to have witnessed the execu- 


tion of it. 

Ans. I have examined the certified copy shown me, and have no 
doubt it is a correct copy of the original declaration of trust which 
was executed in my office and witnessed by me. 

| Counsel for complainants puts the said certified copy in evidence, 
and the same 1s marked “ Bahibit Hubbard’s Declaration of Trust, 
Chas. H. Swan, Special Examiner.” Mr. SHEPPARD, for defendants, 
objects to the offer of evidence, for the reasons, among others, that 
said trust is anoperative and invalid in law; that said instrument is 
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not a recordable instrument; that a copy certified by the Patent 
Office is not legal evidence; and that the execution of the original 
paper, of which the paper offered purports to be a copy, is not duly 
proven. | 

Int. 5. You say,in answer to Int. 4, that this declaration of trust 
was executed in your office. To save any informality of testimony, 
please state by whom it was executed, and whose signature you wit- 
nessed. 

ans. It was executed by Gardiner G. Hubbard ; signed “ Gardi- 
ner G. Hubbard, Trustee ”; and I witnessed his signature. 

Int. 6. This declaration of trust provides for management on 
behalf of the beneficiaries by a Board of Managers and by action of 
the beneficiaries as an Association; did you hold any official position 
in this Association ; and if so, what? 

Ans Idid. Iwas the clerk of the Association, and one of the 
Board of Managers. 

Int. 7. Did you ever have in your possession as clerk of the said 
Association the original assignment of July, 1877, from Alexander 
Graham Bell to Gardiner G. Hubbard, trustee, a certified copy of 
which you have identified: aid the original declaration of trust 
signed by Gardiner G. Hubbard, a certified copy of which you have 
also identified; and if you ever had such original papers in your 
possession, state whether you know where they now are, and with 
what diligence you have made search for them. 

Ans. I did have them in my possession as counsel for the parties 
in interest, and forwarded them to the Patent Office for record. 
This was before the organization of the Association. To the best of 
my recollection, they were returned to me from Washington and 
were in my custody as clerk of the Association; but though I have 
made Giligent search for them in various places, I have been unable 
to find them, and do not know where they are. 

Int. 8. I show you a paper which purports to be an assignment 
fiom Gardiner G. Hubbard, trustee, to the Bell Telephone Company, 
dated July 20, 1878, and recorded in the Patent Office, Oct. 3, 1878, 
Liber Y”, page 460, of Transfers of Patents. Please state whether your 
signature is upon this instrument as one of the attesting witnesses, 
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and what you know as to it3 execution, and the genuineness of the 
signature of Gardiner G. Hubbard, trustee, which appears thereon. 

Ans. My signature is upon that instrument. The assignment 
was drafted by me, is in my own handwriting, and was executed by 
Gardiner G. Hubbard, as trustee, in my presence. 

Int. 9. Will you please refer to the book of records kept by you 
as clerk of the Association for whose benefit this trust was held, and 
state whether any authorization was made for the assignment which 
you have just identified, duted July 20, 1878; and if so, what re- 
cords were made of it? 

Ans. There was; I have examined the book of records of the 
said Associition, which were kept by me as clerk in my own hand- 
writing, and find the following record relating to the subject inquired 


of: — 
‘SHAREHOLDERS’ MEETING. 


“In accordance with the following notice sent to each of the share- 


holders at least ten days before the time fixed for the meeting. 


“ Boston, July 8, 1878. 


— & 


ee RE ee. ere TS Me 


“You are hereby notified that the annual meeting of the Bell Tele- 
phone Company will be held at No. 13 Sears Building, Boston, on 


ee 


the eighteenth day of July, 1873 (Thursday), at 12 mM. to consider, 
jn addition to the regular business of the meeting, whether the As- 
sociation will ratify the contract of the Trustee with the Telephone 
Company of New York, and whether the Association will authorize 
the Trustee to sell and dispose of all the property held in trust for 
the Association, and upon what terms and conditions. 

“Per order of the Trustee, 

“C. KE. HUBBARD. 
“ Clerk of the Bell Telephone Company.” 


The annual meeting of the Associa‘ion was held at No. 13 Sears 
Building, Boston, on Thursday, July 18th, 1878, at 12 mM. Owing 
to the absence of the trustee, on motion of Thomas Sanders, it was 


Voted, To adjourn to meet at the same placeon Friday, July 19th, 
1878, at eleven o'clock A.M. 


Attest: C. E. Hupparp, Clerk. 


> 
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The shareholders of the Bell Telephone Company met by adjourn- 
ment at No. 13 Sears Building, Boston, on Friday, July 19th, 


1878. 

Present in person or by proxy, Gardiner G. Hubbard, Thomas 
Sunders, Mabel G. Bell, Thomas A. Watson, Gertrude McC. Hub- 
bard, and C. E. Hubbard, representing 4,490 out of 5,000 shares. 


The following preamble having been offered by Thomas San- 


ders: 

Whereas, it is proposed to organize a corporation under the laws 
of the Commonwealth of Massachusetts, to be known as the Bell Tel- 
ephone Co., to manufacture, and sell telephones and their appurtenan- 
ces, and to construct, maintain and operate telephone lines, and rent 
telephones throughout the United States outside of the New England 
States, with a capital stock of $450,000, the number of shares to be 
forty-five hundred, the par value of the shares to be $100, and 

Whereas, the parties organizing said corporation desire to pur- 
chase and acquire all the patent rights, contracts, Instruments, 
leases, books and personal property of every kind and description 
belongirg to, and held in trust by the Trustee of the Bell Telephone 
Association for said Association, save and except one thousand 
shares of stock in the New England Telephone Compauy, belonging 
to said Association, and held in trust by Gardiner G. Hubbard, 
Thomas Sanders, and Thomas A Watson. 


It was unanimously 


Voted, That the Trustee be and he hereby is, authorized, in- 
structed and empowered to sell, assign and transfer by proper and 
sufficient conveyance, to said Bell Telephone Company, all the 
pitents, patent rights and interest in any and all contracts relating 
to any patents or future inventions owned or held by him as Trustee, 
said company assuming all such contracts and the burdens and 
obligations of said Trustee, thereunder, paying for such assignment, 
three thousand shares of its capital stock fuliy paid up. 


Attest: 
C. E. Hupparp, 


Clerk. 


Int. 10. It appears by this record that of the shareholders of the 
asscciation there were present in person, or by proxy, at the 
adjourned meeting of July 19, 1878, Gardiner G. Hubbard, Thomas 
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Sanders, Mabel G. Bell, Thomas A. Watson, Gertrude McC. Hub- 
bard, and C. E. Hubbard. How many shareholders in all were there 
belonging to this association, and who was absent from this meet- 
ing? 

Ans. ‘There were but seven shareholders belonging to the Asso- 
ciation during the whole period of itsexistence. Alexander Graham 
Bell was the only shareholder not represented at this meeting. 

Int. 11. I now show you a written instrument purporting to be 
an assignment from the Bell Telephone Company to the American 
Bell Telephone Company, dated June 22, 1880, and recorded in the 
Patent Office, June 24, 1880, Liber 1*°, page 282 of Transfers of 


Patents. Please state whether you know the signatures which 


appear thereon, and how you have derived your knowledge of the 


handwriting. 

(Mr. SHEPPARD, for defendants, objects to the question, for the 
reason among others, that it calls for irregular and tnadinissible 
proof of the execution of an assignment by a corporation | 

Ans. I do know the signatures thereon. They are those of 
W. H. Forbes and William R. Driver. The former signs as presi- 
dent of the Bell Telephone Company, the latter as treasurer. I am 
familiar with the handwriting of both signers, having frequently 
seen them write; and having constant occasion to see their signatures 
from my position as clerk of the American Bell Telephone Company 
and of the Bell Telephone Company, of which they are respectively 
the president and treasurer. 

Int. 12. Will you refer to the records of the Bell Telephone 
Company kept by you, and state when in the year 1880 the said 
W.H. Forbes was re-elected president, and the said Wiiliam R. 
Driver, treasurer ? 

Ans. On the twenty-first day of June, 1880, at a special meet- 
ing of the stockholders of the Bell Telephone Company, duly called, 
at which a quorum was present, William R. Driver was duly elected 
treasurer of the company, and William H. Forbes was duly elected 
a director of said Bell Telephone Company. At a meeting of the 
directors of the Bell Telephone Company, duly called, and held 
June 22, 1880, William H. Forbes was duly elected president of the 
Bell Telephone Company. I was clerk of the company, and I obtain 


cd 
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this information from the records of the company, which were kept 
by me, and which are in my handwriting. 

Int. 13. What authorization by the Bell Tie lephone Company was 
there for the execution of this assigument on its behalf by its presi- 
dent and treasurcr to the American Bell Telephone Company ? 

Ans. At a meeting of the stockholders of the Bell Tele; hone 
Compauy, duly called and held at the company’s office, June 21, 
1880, at which mecting a quorum was present, a vote was passed 
authorizing the president and treasurer to make the assigument and 
transfer referred to in the interrogatory. A copy of the vote 
giving such authority, duly certified by me as clerk of the Bell Tele- 
phone Company, is annexed to said instrument of transfer. 

Int. 14. Referring once more to the records of the association 
established under the declaration of trust executed by Gardiner G. 
Hubbard, trustee, it appears that the notice of July 8, 1878, is 
addressed to “Shareholder of the Bell Telephone Company.” Will 
you explain the distinction between this name, Bell Telephone Com- 
pany, as applied to the said association, aud the same name which 
uppears in the two assignments you have identified of Gardiner 
G. Hubbard, trustee, to the Bell Telephone Company, dated July 
20, 1878, and of the Bell Telephone Company to the American Bell 
Telephone Company, dated June 22, 1880? 

Ans. The name Bell Telephone Company used in said notice of 
July 8, 1878, was merely a name given to an association or partner- 
ship interested in the property, the legal title to which was in the 
name of Gardiner G. Hubbard, trustee. The Bell Telephone Com- 
pany, ‘o whom the said Gardiner G. Hubbard, trustee, made the 
assignment dated July 20, 1878, and which made the assignment to 
the American Bell Telephone Company, dated June 22, 1880, is a 
legal corporation, duly incorporated under the laws of Massachu- 
setts. 

| Counsel for complainants offers in evidence the two assignments 
identified by the witness, namely, that from Gardiner G. Hubbard, 
trustee, to the Bell Telephone Company, dated July 20, 1878, and 
that from the Bell Telephone Company, to the American Bell Tele- 


phone Company, dated June 22, 1880. 


Mr. SHEPPABS biesdlugels LO 24) Voy 
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lt ws agreed by counsel for the respective parties, that the certified 
copies of these two assignments already put tn evidence, may be used 
with the same force and effect as the originals; but that the originals 
shall be produced at any time for use of defendants, on call of their 


counsel, if they so desire | 


Cross Hxamination by FurMAN SHEPPARD, Esq., of Counsel for 
Defendants. 

Cross- Int. 15. Plea-e state when the assignment of 1877, men- 
tioned by you in your answea to Int. 2 was, executed. 

Ans. It was executed July 9, 1877. 

Cross-Jnt. 16. When did you last see the original of said assign- 
ment ? 

Ans. It is impossible for me to say. 

Cross-Jnt. 17. Will you be kind enough to give me the nearest 
indication of date which your recollection enables you to do? 

Ans. Ican only say that I remember seeing it on its return from 
Washington, where I sent it to be recorded in the Patent fice, and 
the reason of my recollection is this: This assignment and the dee- 
laration of trust of Gardiner G. Hubbard were executed at one and 
the same time, and on the return of these two instruments I discov- 
ered that the day of the month had been omitted in the assignment, 
and I have a distinct recollection of considering whether I should 


have the date inserted and the paper returned to Washington to be 


again recorded. I have no special recollection of seeing the paper 
since that time, but have no doubt I did. I have twice changed my 


office since the execution of that paper, and probably lost the paper 
during one of those removals. 

Cross-dnt. 18. When and where did you last make search for 
this assignment, and for the declaration of trust, of which you have 
spoken ? | 

Ans. I made a long and careful seareh in December, 1883, for 
these papers in two safes, or vaults, in my present office, 28 State 
Street; also in the vault in the office of Mr. Gaston, with whom I 
occupied the office in Sears Building, where I kept these papers 
after they were returned from Washington, as I have stated, in the 
possibility that they might have got among his papers. I also 
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made search among several boxes of papers at the house of my 
brother, Gardiner G. Hubbard, said boxes containing papers belong- 
ing both to my brother and Alexander Grabam Bell, his son-in-law. 

Cross-Ini. 19. You have stated that you have no doubt that the 
certified copy of the declaration of trust is a correct copy of the 
original; and also that you have not seen the original for perhaps 
seven years. Pieuse state how it is that you are free from doubt 
under such circumstances. 

Ans. The original declaration of trust was sent by me to Wash- 
ington to be recorded in the Patent Office, and was returned to me 
with the usual certificate of record. The paper now shown me pur- 
ports to be a certified copy of that record, and Ihave compared it 
with a copy of the declaration of trust, which is in the book of rec- 
ords of the said Bell Telephone Association, which last-mentioned 


copy was printed under my supervision from the original, and was 


placed in the said book of records by me at the organization of the 


said Association. I have, therefore, no doubt that the paper in ques- 


tion is a correct copy of the original. 

Oroass-Int. 20. Your freedom from doubt, therefore, arises from 
the credit which vou give to the Patent Office exemplification or copy 
of the original, and from the fact that you have compared the Patent 
Office copy with another copy of the original, and have found the 
two copies to correspond? 

Ans. It does. 

Oross-Int. 21. Of the seven shareholders or members named by 
you of the Association called the Bell Telephone Company, please 
state how many and which of them were then or are now in anywise 
related to each other; and if so, how. 

Ans. Gardiner G. Hubbard is the father of Gertrude MeC. Hub- 
bard and Mabel G. Bell, and the brother of C. E. Hubbard, myself. 
Alexander Graham Bell is the husband of Mabel G. Bell. Thomas 
Sanders and Thomas A. Watson are in no way related to each other 
or the other shareholders. 

Cross-Int. 22. Mr. Watson had been assisting or co-operating 
with Mr. Alexander Graham Bell in his experiments and investiga- 
tions, had he not? 


Ans. He had bee 
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Cross-Int. 23. What relation had Mr. Sanders with Mr. Bell? 

Ans. Mr. Sanders and Gardiner G. Hubbard furnished the means 
to enable Mr. Bell to pursue his experiments and work in telephonic 
and telegraphic invention. 

Cross-Int. 24. What was Mr. Bell's interest in the Association ? 

Ans. Mr. Bell, Mr. Hubbard, and Mr. Sanders owned the in- 
ventions and patents in equal third parts. The majority of Mr. 
Bell’s interest in the Association was, in accordance with a previous 
arrangement, given to his wife, Mabel G. Bell. 

Cross-Int. 25. Were these one-third intere-ts held by the three 
persons whom you have named, severally or jointly ? 

Ans. They were held jointly, until they took the form of shares 
in this Association. Then they were divided according to the re- 
spective interests. This was August 1, 1877. 

Cross-Int. 26. Please give me the allotment of shares made at 
that time. 

Ans. Mabel G. Bell, 1,497 

Alexander Graham Bell, 10 
Thomas A. Watson, 499 
Thomas Sanders, 1,497 
Gertrude McC. Hubbard, 100 
Gardiner G. Hubbard, 1,387 
Charles Eustis Hubbard, 10 


Total, 5,000 


I desire here to state that there is a clerical error in the record of 
the shareholders’ meeting of the said Association, held July 19, 1878. 
The record states that there was represented at that meeting 4,490, 
out of 5,000 shares. It should have been 4,990, instead of 4,490; 
Mr. Bell’s ten shares being the only ones not represented at that 
meeting. 

Cross-Int. 27. You have mentioned that Mr. Sanders and Mr. 
Gardiner G. Hubbard furnished the means to enable Mr. Bell to pur- 
sue his experiments. Please state what was Mr. Bell’s pecuniary 
condition in 1874, 1875, 1876, and 1877. 

[ Objected to as immaterial and inadmissible, not being a subject 


opened in the direct examination. ] 
a Dh 
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Ans. Ido not know. 

Cross-Jnt. 28. Is that the whole of the information you are able 
to give on that subject? 

[ Same objection. | 

Ans. If I remember rightly, I became acquainted with Mr. Bell 
some time in 1875. At that time he was connected with the Boston 
University as an instructor, and also had, I believe, some private 
pupils. I saw but little of him until the spring of 1876. Of my own 
knowledge I do not know what his income was during any of the 
years in question. In 1877 he had some property, certainly, after 
his marriage ; but I was not conversant with his financial matters. 

OCross-Int. 29. When did you first become aware that the assign- 
ment and declaration of trust, of which we have spoken, were miss- 

ing ? 

Ans. In December, 1883. 

Cross-Int. 30. What was the National Bell Telephone Company, 
which is named in the assignment offered in evidence from the Bell 
Telephone Company to the American Bell Telephone Company, 
dated June 22, 1880, and how, and when was it constituted ? 

Ans. The Association of which Gardiner G. Hubbard was the 
trustee was the first owner of the Bell telephone patents. The New 
England Telephone Company was next organized as a corporation to 
carry on the telephone business in New England, under license from 
Gardiner G. Hubbard, trustee. The Bell Telephone Company was 
next incorporated in July, 1878, to carry on business for the whole 
of the United States outside of New England. The National Bell 
Telephone Company was next organized, March 10, 1879, and the 
certificate of incorporation issued thereafter, and the Bell Telephone 


Company and the New England Telephone Company were merged 


in the National Bell Telephone Company, but the corpcrate exist- 
ence of the Bell Telephone Company and New England Telephone 
Company has never ceased. The American Bell Telephone Com- 
pany was incorporated by special charter, and is the successor of the 
National Bell Telephone Company, the date of the charter being 
March 19, 1880. 

| Defendants’ counsel calls for the production of the agreement be- 
tween the Bell | ~ 
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Company, dated March 20, 1879, and also the agreement between the 
National Bell Telephone Company and the American Bell Telephone 
Company, dated May 8, 1880, each of which is mentioned in the 
assignment of the Bell Telephone Company to the American Bell 
Telephone Company, offered in evidence and dated June 22, 1880. 
Counsel for complainants states that, as it appears from the instru- 
ment of assignment referred to of June 22, 1880, that the agree- 
ments therein mentioned of March 20, 1879, and May 8, 1880, are 
merely collateral, and do not affect the legal title to the patents in sutt, 
he declines to produce them, as et present advised; but counsel for 
complainants puts in evidence an assignment from the National Bell 
Telephone Company to the American Bell Telephone Company, 
dated May 8, 1880, and recorded in the United States Patent Office, 
July 22, 1880, Liber hk”, page 105, of Transfers of Patents. 
Defendants’ counsel objects to said offer of evidence for the reason, 
among others, that it 1s a source of title in the complainants not set 


forth in the bill of complaint and inconsistent with the title therein set 
forth; that the execution of said paper is not duly proven; that the 
alterations upon its face are not duly accounted for, and that it is 


errelevant. 
It is agreed by counsel for the respective parties that the examiner 
may make a fac-simile copy of this instrument last put in evidence, 
-1 nd that the same may be used with the same force and effect as the 
original, and introduced into the record as Exhibit National Bell 
Telephone Company Assignment, Chas. H. Swan, Special Exam- 
iner, and that the original shall be produced hereafter, upon call of 
defendants’ counsel, for reference or for comparison with the copy if 
need be. | 


Direct Examination resumed. 


Int. 31. Were you the clerk of the National Bell Telephone 
Company in 1880, and have you the records of that corporation kept 
by you here present? 

Ans. I was; and am the only clerk the company has ever had. 
I have the records. | 

Int. 32. Did that company take any action authorizing the Bell 
Telephone Company to assign to the American Bell Telephone Com- 


| a 


104 EVIDENCE FOR COMPLAINANTS. 


pany the patents, No. 174,465, and No. 186,787, originally granted 
to Alexander Graham Bell; and if so, when and what was it? 

Ans. It did. At a special meeting of the stockholders of the 
National Bell Telephone Company, duly called and held at the com- 
pany’s office, June 21, 1880, at which meeting a quorum was 
present, it was — 

“ Voted, That the president be, and he hereby is, instructed to 
request the Bell Telephone Company to assign to the American Bell 
Te.ephone Company the patents, No. 174,465, dated March 7, 
1876, and No. 186,787, dated Jan. 30, 1877, or any territorial or 
other interest in them as may be desired by said American Bell 
Telephone Company.” 

This vote and record are in my handwriting, and the record is 
attested by me as clerk. 

Int. 63. Do you know the signatures of the parties who executed 
the assignment of the National Bell Telephone Company to the 
American Bell Telephone Company of May 8, 1880, recorded Liber 
R®, page 105 of Transfers of Patents in the Patent Office, which I 
now show you, and if so, state; and also as to the seal which that 
instrument bears ? 

Ans. Ido; they are the signatures of William H. Forbes who 
signed as president of the National Bell Telephone Company, and of 
William R. Driver who signed as treasurer. I am familiar “With. 
their handwriting as I have already testified. The seal attached to 
the instrument is the seal of the National Bell Telephone Company, 
which I am familiar with from my connection with that company as 
clerk and director. 

[ Defendants’ counsel waives the calling of W. P. Montague, the 
subscribing witness to the paper last put in evidence. | 

Int. 34. Will you state, by reference to the records, whether 
William H. Forbes was the president, and William R. Driver was 
the treasurer of the National Bell Telephone Compary at the date 
of this instrument, May 8, 1880; and also state whether any and 
what ratification of it was made by the company ? 

Ans. By reference to the records of the National Bell Telephone 


Company, which were kept by me as clerk, and which are in my 
handwriting, I find that at thess mooi | 
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the company, duly called and held at their office March 8, 1880, at 
which meeting a quorum was present, William H. Forbes was duly 
elected a director of the company, and George L. Bradley was duly 
elected treasurer of the company; and at a meeting of the directors 
of the National Bell Telephone Company held March 19, 1880, at 
which a quorum was present, George L. Bradley tendered his resig- 
nation as treasurer, and it was voted to accept the resignation. At 
this same meeting of direct rs, in accerdance with Article 3 of the 
by-laws, William R. Driver was duly elected treasurer of the National 
Bell Telephone Company to fill the vacaney caused by the resigna- 
tion of Mr. Bradley. Ata meeting of the directors of said National 
Bell Telephone Company held March 27, 1880, at which a quorum 
was presen’, William H. Forbes was duly elected president of the 
National Bell Telepnone Company. In the record of the special meet- 
ing of the stockholders held June 21, 1880, to which I have already 
referred, appears the following : — 

“The following papers; viz., two Transfers of Patents and other 
property from the National Bell Telephone Company to the American 
Bell Telephone Company, and a transfer and agreement bet ween said 
National Bell Telephone Company and said American Bell Telephone 
Company, all dated May 8, 1880, were laid before the meeting and 
placed on file, and on motion of T. Sanders ; 

“ Voted, That the aforesaid transfers and agreements be, and they 
hereby are, ratified and confirmed, and that the officers of this company 
be, and they hereby are, authorized to do all further acts convenient 
to carry into effect the votes passed at the stcckholders’ meeting held 
March 29, 1880.” 

Cross Examination resumed. 


Cross-Int. 35. In your answer to Int..32, in which you give a 
quotation from the minutes of the special meeting of the stockholders 
of the National bell Telephone Company held June 21, 1880, your 
quotation commences with the word “ voted,” which I notice by re- 
ferring to the minute book, is in the middle of a sentence. Please 
give me the context immediately preceding the word “ voted.” 

Ans. It is as follows: “On motion of A. Cochrane, in pursuance 
of the agreement with the Bell Telephone Company, dated March 


20, 1879, it was”; — then follows the vote already quoted. 
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DEPOSITION OF DANIEL M. ADEE. 


Direct Examination by Georert L Roserts, Esq., of Counsel for 
Complainants. 
Boston, Nov. 20, 1884. 


Int. 1. State you name, age, residence, and occupation. 

Ans. Daniel M. Adee; Iam thirty-eight years old; I live in 
East Williamsburg, L. I., and am the adjuster of the Metropol- 
itan Telephone and Telegraph Company of New York. 

Int. 2. What are your general duties as adjuster, and what 
experience have you had with electrical subjects and instruments, 
more particularly telephonic apparatus ? 

Ans. As adjuster my duties are to look after the interests of the 
company generally in matters of disputed claims, settling those 
questions as they come up between the subscriber and the company. 
I have been connected with the telephone interest in various capaci- 
ties since the earliest days of the telephone in New York City, 
which was the fall of 1878 or the beginning of 1879, which brought 
me in contact with the instruments in the matter of putting them 
up, taking them apart, adjusting them, etc. I have made the 
telephone a study, not so much in the line of duty as a matter of 
pleasure, experimenting on them with a view to improving their 
efficiency, in my own laboratory. 

Int. 3. How extensive an acquaintance have you had with the use 
of telephones in this country ? 

Ans. Ihave witnessed the different changes that have been made in 
the instruments from time to time from the beginning, visiting differ- 
ent cities in New York, Pennsylvania, New Jersey, and Massachu- 
setts. On Long Island I was acting in the capacity of superintendent 
of the Long Island district of the Metropolitan Telephone and Tele- 
graph Company, which took in the whole of Long Island. 

Int. 4. What is the usual mode of serving a community with 
telephones ? 


Ans. The district exchange soystem, is the mode most universally | 
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of subscribers to the system. These lines are connected upon call 
from any subscriber with any other party that shall subscribe to the 
said exchange. 

Int. 5. How extensive is the telephcne exchange system of the 
Metropolitan Telephone and Telegraph Company, in whose employ 
you are? 

Ans. Their subscription list, I believe, numbers about 4,500. 
Their connections with adjacent cities and towns will offer upwards 
of 10,000 communications possible from any one subscriber's office 
in New York. 

Int. 6. You speak of your acquaintance with the use of telephones 
in Pennsylvania; with what company are you most acquainted in 
that State, and what territory does it serve? 

Ans. The Bell Telephone Company of Philadelphia. It serves 
the city of Philadelphia. 

Int. 7. What telephone instruments are in use by the Metropoli- 
tan Telephone and Telegraph Company of New York, and by the 
Bell Telephone Company of Philadelphia ? 

Ans. The instruments knownas the Bell telephone and the Blake 
carbon transmitter, furnished by the American Bell Telephone Com- 
pany of Boston. 

Int. 8. How early did you know of the existence of the Clay 
Commercial Telephone Company, one of the defendants in this case ? 

Ans. I think it was in May, 1884, that I first heard of their ex- 
istence. 

Int. 9. Uave-you since then investigated what that company has 
been doing in the way of putting out telephones for use; and if so 
when, and what have you ascertained ? 

Ans. Ihave. On September 3, 1884, I visited the electrical ex- 
hibition in Philadelphia. While there I saw the Clay Commercial 
Telephone Company’s exhibit. While there I was introduced to a 
Mr. Bratton by one of the workmen there. He was the general 
manager of the Clay Commerci:l Telephone Company. He showed 
me the several instruments, taking them apart, and showing me 
each part of both transmitter and receiver, and explaining them to 
me as best he could. There were about a dozen sets of instruments 


+ 
- 


connected up and arranged around a platform, a switch-board. call-— 
vw 


108 EVIDENCE FOR COMPLAINANTS. 


ing apparatus, ete. I talked through one set and to another 
within the building. Incidentally I mentioned to him that I was 
from New York, and connected with the telephone business ; and he 
said that the company would, in all probability, extend their opera- 
tions in New York and on Long Island very soon; that they were 
doing well in Philadelphia, and expected soon to extend their busi- 
ness all over the country. On Nov. 8, 1884, (I believe it was Nov. 
8,) I again visited Philadelphia, and having obtained a list of their 
subscribers bearing date of Oct. 1, 1884, I proceeded to call upon 
one of their subscribers, the National Bank of the Republic. There 
I saw a set of instruments stumped “The property of the Clay 
Commercial Telephone Comp:ny, Clay patents, 1883.” The receiver 
was also stamped “Clay Patents, 1883.” Each of them was 
numbered and lettered. I opened the instruments and found them 
to correspond with those which I had been shown in the exhibition 
building on Sept. 3. On the 8th of November [I also visited the 
Exchange of the Clay Commercial Telephone Company, and I saw 
there a telephone exchange with the usual apparatus, switch-boards, 
telephone instruments, etc., a cupola with cables running in; calls 
coming in and being answered in the usual manner by annuncia- 
tor. On Nov. 12, I believe, I again visited PhilaJelphia, and 
taking the list of the Clay Telephone Company before mentioned, I 
called at a number of the offices of parties named therein, and called 
up othe:s from these offices through the central office, making a 
memorandum of such offices from which I called, taking a memo- 
randum of the numbers and imprints upon each instrument as nearly 
as I could, some being stamped poorly. I found the instruments 
in these offices to correspond in shape and form with each other and 
those seen at the exhibition. I also visited the Board of Brokers’ 
Exchange, which is a private exchange, established by the Clay 
Commercial Telephone Company for the use of brokers exclusively, 
Iam told. I saw there a switch-board of a capacity of fifty wires, 
thirteen sets of instruments, and two operators. I saw the operators 
making connections for those who came in and asked for them. The 
instruments were not allalixe in thisroom. Some were without the 


combination of the bells. (Cthers were the same as those mentioned 
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Int. 10. Have you here with you the memoranda which you 
made of subscribers to the Clay Commercial Telephone Company, 
and if you have not, state, to the best of your recollection, how 
many such you visited, and the names of those you remember be- 
sides the National Bank of the Republic. 

Ans. I have not. It was recopied and destroyed, I believe. I 
have not the copy with me, either. The names of the parties are 
not impressed upon my memory, but there were thirteen of them, I 
believe, whom I visited. 

Int. 11. Have you examined the instruments now before you, 
and, if you have, how do they compare in details of construction 
with the instruments shown you by Mr. Bratton at the electrical 
exhibition, and with the instruments which you also examined at the 
National Bank of the Republic in Philadelphia, and with the other 
instruments which you saw at the several offices of subscribers to the 
Clay Commercial Telephone Company’s Exchange, and with the in- 
struments that you saw in use In that exchange? 

Ans. Ihave. I see no difference in their construction. 

[ Counsel for complainants puts in evidence the instruments referred 
to, and the same are marked “ Hxhibit Defendants’ Transmitter,” 
and “ Hxhibit Defendants’ Receiver,” respectively. | 

Int. 12. What part of this apparatus, Exhibit Defendants’ Trans- 
mitter, contains the telephone transmitting instrument proper, and 
what adjuncts are also contained in the box, and provided for 
therein? 

Ans. The upper part contains the electrodes, the carbon pencil 
and the metallic point. The lower portion of the box should contain 
the battery which locally passes through the transmitter; the mag- 
neto bells in this instance are contained in the transmitter compart. 
ment. Inthe same compartment is contained the switch for throwing 
in and out the local circuit. The working parts of the transmitter 
are attached to the cover or door of the upper compartment. 

28 
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Cross Examination by FurMAN SHEPPARD, Esq., of Counsel for 
Defendants. 


Oross-Int. 138. Under what telephone patents is the Metropolitan 
Telephone and Telegr:ph Company of New York (in whose employ 
you say you are) working? 

Ans. Under the patents of Alexander Graham Bell, and I do not 
know how many others. There are many others I believe. I only 
know them as being the property of the American Bell Telephone 
Company of Boston, and furnished to us to use under license in New 
York. 

Oross-Int. 14. At whose instance was it that you visited Phila- 
delphia at the times mentioned by you, to investigate what the Clay 
Commercial Telephone Company has been doing? 

Ans. ‘The first instance, the 3d of September, my own, visiting 
the exhibition; in the second and third instances by the vice-presi- 
dent of the Metropolitan Telephone and Telegraph Company. 

Oross-Int. 15. What is the local or territorial extent of the 
rights of the Metropolitan Telephone and Telegraph Company ? 

Ans. New York City, and thirty-three miles around it; that’s 
the way I understand it. 

Oross-Jnt. 16. What is the name of the vice-president to whom 
you referred? 

Ans. Joseph P. Davis. 

Oross-Int. 17. What was the specific object of your visit to each 
one of the subscribers to the Clay Commercial Company’s Exchange ? 

Ans. To ascertain what they were doing,— what instruments 
they were using. 

Oross-Int. 18. To ascertain for what purpose? 

Ans. To give my eviderce in this suit. 

Cross-Int. 19. Did you confine or limit any communication you 
may have had with any of those subscribers, to an inquiry as to the 
nature of the instrument they were using? 

Ans. I don’t know that I had any conversation with any of them 
at all, except to ask them to allow me to use their instruments; and 
in one or two instances asked them how they worked. 

Oross-{nt. 20. Did you circulate any printed paper or pamphlet 
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among those subscribers, or address or cause to be addressed any 


such to them, or any of them? 

Ans. None whatever. 

Cross-Int. 21. Do you know, or have you been informed in any 
way, directly or indirectly, that any such pamphlet of any sort was 
mailed or addressed or sent to those subscribers, or any of them? 

[ Objected to as inadmissible, the subject not beiny opened in the 
direct examination, and as otherwise inadmissible and incompetent. | 

Ans. Ihave heard that a pamphlet had been sent round; but I 
don’t know where they were mailed from or’who sent it. 

Oross-Int. 22. When you visited the subscribers to the Clay 
Cummercial Telephone Company’s Exchange to ascertain what 
instruments they were using, did you not know that this suit had 
already been brought against that company ? 

Ans. No. 

Cross-Int. 23. When did you first learn, or when were you first 
informed, or when did you first hear that this suit had been brought? 

Ans. I donot know when it was. I do not know that I really 
knew of it until to-day. I don’t know that I have been informed at 
all upon the subject. 

Cross-Int. 24. In your visits to Philadelphia to sce what the 
Clay Commercial Telephone Company was doing, and in your visits 
to the subscribers to their exchange, one of those visits being within 
the last twelve or thirteen days, and another being within the last 
eight or nine days, did you not hear in any way in Philadelphia, 
or learn from the vice-president, who sent you over. there, that there 
was a suit pending by the Bell Company against the Clay Company ? 


Ans. I do not remember of anything having been said about 


eA 
Is 


there being a suit pendin that there would be a suit brought was 


s3 
my own inference from the nature of the business which I had in 
hand. 

Cross-Int. 25. That there would be a suit brought by whom? 

Ans. By the American Bell Telephone Company. 

Cross-Int. 26. You have stated in your cross examination that 
the object of your visit to the subscribers of the Clay Commerial 
Telephone Company on the 8th and 12th of November, the present 
month, was to enable you to give your evidence in this suit, and also 
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that you really did not know until to-day that this suit had been 
brought. Will you please explain these statements more fully ? 


Ans. What I meant by that was this: that when this suit 
should be brought, —as it has been customary heretofore when I 
have had similar duties to perform to get the evidence before the 
suit was brought. As to the “to-day ” — the “to-day ” referred to 
there should be corrected to read in this way: Notice to come here 
to-day. 

DANIEL M. ADEE. 


Attest: Cuas. H. Swan, Special Examiner. 
» AI 
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Direct Examination by Georce L. Roperts, Esq., of Counsel for 
Complainant. 
Boston, Nov. 22, 1884. 


Int. 1. State your name, age, residence, and occupation. 

Ans. Charles RK. Cross; I am_ thirty-six years old; I live 
in Boston, and am Thayer Professor of Physics in the Massachu- 
setts Institute of Technology. 

Int. 2. How long and to what extent have you been engaged 
in the study of the physical sciences, and to what extent, if at 
all, have you been accustomed to make experiments in the several 
branches of physics, especially those relating to electricity and 
acoustics ? 

Ans. I have been an instructor at the Institute of Technology 
during the past fourteen years, and during that time I have been 
constantly engaged in the study of various branches of physics. 
During the past eleven years I have especially investigated the 
subjects of acoustics and certain branches of electricity. In the 
prosecution of my studies during this time I have constantly been 
engaged in the experimental study of the subjects mentioned, and 
have been practically familiar with all the apparatus ordinarily used 
by scientific men in the investigation of sound and electricity. 

Int. 3. What attention have you given to the speaking telephone, 
and to its principles and mode of operation ? 

Ans. Ihave been familiar with the rise and development of the 
speaking telephone from its very beginning, having been in frequent 
communication with Prof. Alexander Graham Bell ever since the win- 
ter of 1873-74. Lam familiar with Mr. Bell’s patents, have investi- 
gated with great care the theory upon which these patents are based, 
and am practically familiar with the construction and use of the various 
forms of instruments constructed in accordance with said patents. 
During the past five years I have conducted a very extensive series 
of experiments relating to the different branches of telephony, in 
the capacity of expert for the American Bell Telephone Company. 

Int. 4. Have you given attention to that form of telephonic 


transmitter which operates by varying the resistance of a circuit? 
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Ans. During the last five years I have given special attention 
to the theory and operation of variable-resistance battery trans- 
mitters. I have made a large series of original experiments and in- 
vestigations upon the subject, more extensive than any that I have 
ever seen in print. I have carefully studied the distinctions which 
exist between variable-resistance battery transmitters and circuit- 
breakers, as well as the differences in the electrical and acoustie effects 
which they produce in the line wire and in the receiving telephone. 

Int. 5. Have you heretofore testified as a witness in any cases in 
the courts of the United States upon the principles of the inventions 
set forth in patents and embodied in machines or apparatus ? 

Ans. I have done so frequently. 

Int. 6. You say you have been familiar with Mr. Bell’s patents. 
State whether or not among these patents are those which have been 
introduced in evidence in this case marked “ Exhibit Bell Patent No. 
174,465,” and “ Exhibit Bell Patent No. 186,787.” 

Ans. The patents No. 174,465 and No. 186,787 are among those 
which I have had frequent occasion to examine. 

Int. 7. Referring to the patent No. 174,465, will you explain the 
mode of operation of the apparatus referred to in the fifth claim of 
the patent, explaining, as far as may be necessary, the character of 
sounds, their action upon the apparatus, and the manner in which 
the apparatus operates to produce the results which are ascribed to 
it in the patent? 

Ans. The sensation of sound is produced by the action upon the 
ear of the vibrating particles of air which are set into a vibratory 
or to-and-fro motion by the vibrations of the sounding body. The 
primary impulse given by the sounding body to those particles of 
air immediately in contact with it is gradually transmitted from par- 
ticle to particle, in consequence of the elasticity of the air or other 
medium through which the sound passes. In consequence of the 
mode of action of the elasticity of the air, the motion originally 
communicated to the particles of air in contact with the sounding 
body is not transferred instantaneously to all the other particles ; 
but in consequence of their inertia, as the sounding body vibrates 
to and fro, a similar movement is impressed upon one after the 


other of the particles surrounding it. This to-and-fro motion of 
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the vibrating body generates a similar minute to-and-fro motion of 
the air particles, so that they are alternately crowded more closcly 
together, and separated more widely from each other, thus pro- 
ducing alternate condensations and rarefactions in the air. It is to 
these alternate condensations and rarefactions that the term “sound 
wave” is given. It will be observed that each pxrticle vibrates to 
aud fro in a straight line in the direction in which the wave motion 
is propagated. If we consider that the vibration of the air parti- 
cles is produce! immediately by the vibration of the sounding 
body, we see that the motions of the air particles must be a perfect 
copy of the motions of the particles of the vibrating body. Such 
vibrations may differ in three separate ways, viz., in the extent of 
the path of the vibrating particle, in the frequency of its vibration, 
and in the character of its vibration. It is evident, in the first 
place, that the vibrating particle’may, in its to-and-fro motion, trav- 
erse a longer or shorter path; in the second place, it may traverse 
this path a greater or less number of times in each second, that is, 
its rate of vibration may differ; in the third place, while traversing 
its path it may move according to different laws of acceleration or 
retardation of its velocity ; for example, its acceleration during a 


part of its course may be and in some cases is constant, or the rate 


of acceleration may constantly change, and the law of its change 
may vary in different ways. To the changes in the motion thus 
caused, what I have called the peculiar character of the vibrition is 
due. If we consider these three kints of variation in their effect 
upon the senses, we find that variations in the extent of the path or 
amplitude of vibration of the particle determine, other things being 
the same, the loudness of the sound; the variations in the frequeney 
of vibration determine the pitch of the sound; and variations in the 
character of the vibration determine what is known as the quality 
or timbre of the sound. 

In the statements which I have just made I have spoken of the 
motion of a single particle; but it is evident from the mode of 
transmission of sound that all of the particles of the air through 
which the sound is conveyed partake of the various characteristics 
of vibration whicb I have discussed. 

I have used the term “ quality or timbre.” Quality is that pecul- 
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iaity of a sound by which, independently of its pitch or loudness, 
we are enabled to determine the instrument by which the sound is 
produced; thus, for example, the note of a violin differs from the 
note of a flute in quality, even though the two are the same in pitch 


and loudness. 

It is well known to scientific men that these differences in quality, 
which, as I have siid, are due to differences in the character of the 
motions of the vibrating particle, are produced acoustically by the 
combination of a number of separate or partial tones, which can be 
shown to be produced when a particle is in vibration, and which 
partial tones differ in number, in pitch and in intensity or loudness, 
in accordance with differences in the character of the motion of the 
vibrating air particles. 

The lowest of these partial tones is called the “ fundamental,” the 
other and higher notes “overtones.” Hence it is evident that the 
quality of a sound depends upon the relative pitch, intensity and 
number of partial tones present. Ina very few exceptional cases 
ouly the fundamental is present, and what is called a simple sound 
is produced. In general, the pitch of a note is determined by the 
fundamental, the overtones determining the quality. 

I quote from a standard work on acoustics by Prof. W. F. Donkin, 
published, Oxford, 1870 (p. 11) :— 


“When we speak of the pitch of the note produced by a string or 
an organ pipe, we mean in fact the pitch of the gravest simple tone 
in the combination. This particular component is In general louder 
than any of the others, and is that on which attention is fixed. The 
others become associated with it by habit, and seem only to modify 
its character without destroying the unity of its pitch.” 


These facts, constituting what is known as Helmholtz’s Theory of 
Quality, were first discovered by the physicist whose name he 
theory bears, and were published by him more than twenty years 
ago. The human voice owes its peculiar quality to the presence 
of great numbers of these partial tones; and very slight changes 
in the partial tones will produce very considerable changes in the 
voice. 7 

I quote from the English translation (Ellis’s) of Helmholtz’s 
great work “Die Lehre von den Tonempfindungen” : — 
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“Human speech employs these very qualitative varieties of tone 
in order to distinguish different letters” (p. 28). 


“On inquiring to what external physical difference in the waves 
of sound the different qualities of tone correspond, we must re- 
member that the amplitude of the vibration determines the force or 
loudness, and the period of vibration the pitch. Quality of tone 
can, therefore, depend upon neither of these. The only possible hy- 
pethesis, therefore, is that the juality of tone should depend upon 
the manner in which the motion is performed within the period of 
each single vibration” (p. 28). 


“ Every different quality of tone requires a different form of vibra- 
tion” (p. 382). 


From what I have said thus far, it will be seen that, in order to 
reproduce articulate speech, we must be able to reproduce in the 
air, vibrations which shall possess the same characteristics of pitch, 
intensity and quality —that is, of rate of vibration, amplitude of 
vibration, and character of vibration — which are possessed by the 
vibrating particles of air which are set in vibration directly by the 


organs of speech. If we can determine the speed and direction of 
motion of an air particle at each instant, and hence also the extent 


of its path, we can evidently impress upon it all three of the char- 
acteristics that I have mentioned ; and hence can produce any desired 
sound at will. 

In Mr. Bell’s patent No. 174,465 a method is described by which 
the motions which are produced in the air at one place, the trans- 
nmitting station, can be reproduced by an electrical method of inter- 
communication at the receiving station. By means of his invention 
he is able, by the use of certain electrical apparatus, to impress upon 
the particles of air at a distant place, the receiving station, motions 
substantially identical with those which are immediately impressed 
by the voice upon the particles of air at the transmitting station. 

According to the specification, he effects this result by the use of 
the transmitter, which takes up from the air at the transmitting sta- 
tion the motions which are impressed upon it by the voice of the 
speaker, and the vibrating portion of which transmitter moves in 
substantial accordance with the movements of the air particles them- 
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selves. This transmitter, being connected with a line wire join- 
ing the two stations between which speech is to be transmitted, is 
eunbled, by its electrical connection with that wire, to produce in it 
electrical variations which correspond to and are similar in form to 
the motions of the movable part of the transmitter, and hence to the 
motions of the air particles which have actuated the movable part 
of the transmitter. These electrical variations, in their turn, set in 
motion a movable part of a receiving instrument with which the line 
wire is connected, and, in their turn, produce in this movable part 
of the receiver vibrations corresponding to and similar in form to those 
electrical vibrations by which they are produced, and hence to the 
motions of the air particles at the transmitting station. The mova- 
bie part of the receiving instrument, thus vibrating, impresses upon 
the air at the receiving station vibrations similar in form and corre- 
sponding to its own motions. 

Tbe motions thus produced in the air particles at the receiving 
station are therefore evidently similar in form and correspondent to 
the original vibrations impressed upon the air at the transmitting 
station by the voice of the speaker at that station. This being the 
case, it is evident, from what I have said, that the sound uttered by 
the speaker at the transmitting station will be reproduced at the re- 
ceiving station. 

It appears from these facts that Mr. Bell’s apparatus consists es- 
sentially of a transmitter adipted to take up the vibrations of the air 
at the transmitting station; a line wire connecting the transmitting 
with the receiving station, together with a battery or some other 
form of electrical apparatus which is capable of furnishing a supply 
of electricity ; which line wire shall serve to transmit the electrical 
variations produced by the transmitter from one station to the 
other; and a receiver which, actuated by the electrical variations 
thus transmitted by the line wire, shill be caused to reproduce the 
motions of the transmitter and of the air particles by which that 
transmitter is actuated. It is true that the receiving instrument 
may not always reproduce the vibrations of the air particles at the 
transmitting station in every minute detail, but the instrument is a 
speaking telephone only so far as it is adapted to reproduce those 
rhotions with substantial fidelity ; and its practical construction and 
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é 
operation must be such th%t these vibrations shall be substantially 


reproduced. 

It is evident that when the transmitter is in operation, variations 
in the electrical current may take place in three ways, — there may 
be a variation in either the- direction of the current, the rate or vio- 
lence of change of the current, and the frequency of change of the 
current; and from these three kinds of variations similar varintions 
in the direction, rate and frequency of change of the motion of the 
movable part of the receiver will result. And henee, from these 
different electrical variations, differences in the quality, intensity 
and pitch of the sound produced by the receiving instrument will 
follow. Therefore, to reproduce articulate speech or any other 
sound in all its characteristics of pitch, intensity and quality, it is ne- 
cessury that the movable portion of the receiving instrument shall 
he constantly under the guidance of and controlled by the movable 
portion of the transmitting instrument; and in ease this constant 
control is not exercised, and in precisely that degree in which it 
ceases to he exercised, the instrument becomes incapable of trans- 
mitting articulate speech. ' 

No form of transmitter which operates by making and breaking 
an electrical circuit can possibly transmit articulate speech or any 
other sound in its different characteristics of pitch, intensity, and 
quality, for the reason that the constant control, of which I have 
spoken, is not exercised in such an instrument. With any circuit- 
breaking instrument the louduess and quality of the sound produced 
at the receiving station are dependent solely upon the physical con- 
struction and action of the receiving instrument itself, and of the 
battery or other source of electricity by which the transmitter is 
acted upon. The intensity and quality of the sound produced at the 
receiving station are, therefore, with such an instrument, entirely in- 
dependent of the intensity and quality of the original sound pro- 
duced at the transmitting station. It is for this reason that an 
instrument of this class, such as, for example, the well-known Reis 
instrument, operating in the manner described, is incapable of trans- 
mitting cither intensity or quality, and hence is incapable of trans- 
mitting articulate speech. 

As will be scen from what I have already said, the Reis trans- 
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mitter, or any other transmitter whicl operates by making and 


breaking the circuit, is capable of transmitting pitch, and pitch only. 


The essential difference between the electrical changes produced 


by the Reis transmitter and the changes produced by the apparatus, 
Fig. 7 of the Bell patent No. 174,465, when spoken to, is that the 


action of the Reis apparatus serves tu break up into successive and 


di-junctive fragments a current of substantially uniform strength. 


This is a merely intermittent current. The frequency of its inter- 
mittences is the same as the frequency of the air vibrations which 
give rise to what is known as the pitch of the sound acting upon the 


transmitter. The apparatus, Fig. 7 of Mr. Bell’s patent, on the 


other hand, produces when spoken to a series of electrical changes 
which in their character correspond to and substantially copy the 
changes which take place in the air peiforming the sonoreus vibra- 
tions to be transmitted. The apparatus of Reis was intended to 
produce mere intermittences, the frequency of which correspended i 
to the pitch of the sound transmitted. The apparatus of Bell, on the 
other hand, was not intended to produce intermittences; nor is its 
operation due to their production. The declared purpose of the 
invention is to produce electrical variations, which in their form 


copy the vibrations of the air. This is the distinction between the 


mode of operation of one apparatus and the mode of operation 
of the other. It is the employment of the electrical changes due_ 
to and constituting one mode of operation as distinguished from the . 
other, that is insisted upon by Mr. Bell in his patent and specified J 
in his claim. It is because Mr. Reis employed the one mode of 
operation that his apparatus is not a speaking telephone, and it is 
because Mr. Bell employed the other that his apparatus is. 


There is also another reason which prevents a Reis transmitter 


or other circuit-breaking Instrument from transmitting articulate 


speech ; this is the effect of the interruptions of the current in pro- 


ducing a loud and disagreeable noise in the receiver, which of itself 


would be sufficient to overpower and obliterate those fine shades of 


variation upon which differences in quality depend. 


In fact, this noise is so marked that an ordinary battery transmit- 


ter can be used as a telephonic call by so operating it as to cause it 


to actually make and lreak the electrical circuit. Under these cir- 
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cumstances, the noise which proceeds from the receiving instrument, 
which, when the transmitter is used in a normal and proper manner, 
can be heard only by one close to the instrument, is capable of being 
heard throughout a large room. 

Int. 8. You have described the operation of a speaking telephone 
apparatus when transmitting speech as set forth in the specification 
of Mr. Bell’s patent No. 174,465. Will you now state briefly what 
is the function and importance of the similarity between the vibra- 
tions of the air accompanying sounds uttered into the transmitter 
and the electrical undulations which are caused in the apparatus 
while transmitting: speech, as particularly referred to in the fifth 
claim of Mr. Bell’s said patent, which is as follows : — 

“5. The method of and apparatus for transmitting vocal or other 
sounds telegraphically, as herein described, by causing electrical 
undulations similar in form to the vibrations of ‘the air accompany- 
ing the said vocal or other sounds, substantially as set forth ” ? 


Ans. Itis because of this similarity that speech is transmitted. 
In a perfect instrument the motions of the receiver are both the 
effect and a copy of these electrical variations. Since these electri- 
eal variations are a copy of the motions of the transmitter, it follows 
that the motions of the receiver are a copy of those of the trans- 
mitter; if substantially this action takes place, speech is transmitted, 
otherwise speech is not transmitted. 

Int. 9. You speak of the soun:] waves, and explain the mode in 
which they are produced. Do you understand that the actual exist- 
ence of these sound waves has been demonstrated, or is accepted as 
a fact by scientific men? 

Ans. The existence of such sound waves has been accepted as a 
fact by scientific men for several hundred years. Within a few years 
past they have been visibly shown to exist, by a method which de- 
monstrates the existence of alternate condensations and rarefactions 
to the eye. 

Int. 10. Has any method of representing such waves been 
adopted ; and if so, what is it? 

Ans. It is customary among physicists to represent the motions 
of the particles of a sound wave, and also the variations in conden- 
sation and rarefaction at different points in a sound wave, by a 
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graphical method. I ean best illustrate this by reference to a dia- 


gram which I produce, to be incorporated in my answer. 


Y 


The curve in the diagram is what is called a sinusoidal curve, , 
such as corresponds to the sound waves produced by a simple 


sound, consisting of a single note without overtones. Such a , 
sound can be produced by a tuning fork, mounted on a resonant 
ease, and bowed in a manner suitable for this purpose. O X 
is divided into a number of equal spaces, to represent equal 
periods of time. The length of these spaces is purely arbitrary. 
The distances from O to the beginning of any one of these divisions 
are called abscissas. From each of these points on O X, represe..t- 
ing successive intervals of time, lines are drawn parallel to O Y, 
and proportional in their relative lengths to the distances of the 
particle from the point of rest at the successive periods of time. 


In the case of the particle pursuing a simple vibration, these mag- 


nitudes will increase to a maximum, which will be attained at the 


instant when it reaches the extremity of its path; they will then 


diminish as it comes back to the starting point; and as it passes 


beyond it, moving in the other direction, they will be indicated by 


distanees measured off below the line O X. Joining then the 


extremities of the perpendicular lines, we obtain a broken line some- 


what resembling a curve; and if we put the perpendicular lines 


close enough together, the broken line joining their extremities 


becomes a curve. This curve is determined by the length of two 


sets of lines or distances, —the abscissas measured on O X, and 
the ordinates measured parallel to. O XY. In the case stated, the 


DEPOSITION OF CHARLES R. CROSS. 123 


starting point is assumed to be in the middle of the path (e. g., the 
position of a pendulum when at rest), and the motion is measured 
in both directions from it; 7. e., the curve is on both sides of the 
line, and part of the ordinates have one direction, part the other 
But the point from which the measurements are taken is purely 
arbitrary ; and the line O X, which represents this point, might le 
placed lower down and tangent to the lowest part of the curve. In 
that case the curve would not change its character, but the ordinates 
would all be measured in one direction and on one side of O X. 
Algebraically expressed, they would all be + quantities, instead of 
being alternitely -+- and — quantities, in the two branches of the 
curve ; only the + quantities would be greater than shown In the dia- 
gram. In the case indicated by the diagram, we should consider that 
an increase in the length of the ordinates, in passing from one to the 
next, signified motion in cne direction, and a decrease signified mo- 
tion in the other direction. In this method of representation one 
set of lines, measured along O X, corresponds to the period in which 
the movement is executed, or its frequency; and the other, meas- 
ured along O Y, to the amplitude or extent, and also to the direc- 
tion of the motion; and these measurements express frequency, 
amplitude and direction. The same curve will represent the extent 
of rarefaction and of condensation of the air produced by the move- 
ment of the particles, and also, when correctly interpreted, the mo- 
tion and the varying velocity of the particles. 

It is from this habit of graphical expression that a vibration is 
commonly spoken of among physicists as having “form”; form of 
vibration is a phrase used to signify the “character” of a vibration, 
as I have explained it. 

It must be remembered that this curve does not represent the 
path of the moving particle; that always moves to and fro in a 
straight line. This curve is merely a convenient form of expressing 
to the eye the character and variation of the motion. 

I quote again from the work of Helmholtz: — 


“To render the law of such motions more comprehensible to the 
eye than is possible by lengthy verbal descriptions, mathematicians 
and physicists are in the habit of applying a graphical method, 
which must be frequently employed in this work, and should there- 
fore be well understood” (wv. 29). 
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The writer then describes the method of drawing acoustic curves, 
and continues : — 

“ Physicists, then, having in their mind such curvilinear forms 
representing the law of the ‘motion of sounding bodies, speak briefly 
of the form of vibration of a sounding body, and assert that the 
quality of tone depends on the form of vibration” (p. 32). 


“T have by no means unfrequently found even physicists start 
on the false hypothesis that the vibrational form must exhibit little 
waves corresponding to the several audible upper partial tones” 
(p. 93). 


“The reader must bear in mind that when we apply the term 
‘compound’ to the vibrations produced by a single musical instru- 
ment, the ‘composition’ has no éxistence except for our auditory 
perceptions or for mathematical theory. In reality, the motion of 
the particles of the air is not at all compound; it is quite simple, 
flowing from a single scurce” (p. 189). 


Int. 11. If you ean produce from any scientific work a diagram 
representivg the manner in which overtones are conibined with a 
fundamental to give quality to sound, different from that due to the 
fundamental alone, and representing the form given to the curve as 
the result of all the vibrations, will you do so, stating the source 
from which you derive it, and explaining as far as you think neces- 
sary the diagram? 

Ans. The following diagram, taken from “ Mayer on Sourd,” 
p. 153, represents the motion of a particle under the influence of 
sound waves : — 


- 
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The curves at a } represent six sound waves of six simple sounds. 
When these are sounded together as fundamental and overtones, 
and with relative intensities corresponding to the amplitude of the 
curves, as drawn, so as to produce a sound having the quality due 
to this combination, the vibrational “ form,” as it is cnlled, of the 
sound perceived by the ear is represented by the curve ated. The 
set of vibrations which constitutes one complete vibration is shown 
twice between c and d. The entire “form” or character of this 
curve can be determine! and controlled, as already stuted, by deter- 
mining or controlling for each point the length of the absciss: and 
of the ordinate for that point, or in other words, determining or 
controlling the elements of time or frequency, amplitude or inten- 


sity and direction; but it is obvious that it will require very many 


measurements of abscissas and ordinates to determine or control 
the “form” of each complete set of vibrations. 

The curve representing one set of vibrations is about three inches 
long; and it is apparent, even to a casual observer, that by taking 
the ordinates as little as one eighth of an inch apart, we should miss 
the little twists, which most strikingly represent to the eye the 
“quality ” or the effzct of the overtones in this vibrational form, and 
which are equally important to the “quality” of the sound as per- 
ceived by the ear; and, as in the articulate speech of a woman, 
there are twenty-four thousand of these complete sets in a minute, it 
will be obvious that in order to reproduce this vibration the control 
must be exercised, not merely twenty-four thousand times a minute, 
but really without any interruption or cessation whatever. 

Int. 12. If observations have been made upon the curves pro- 
duced by spoken words, and you can produce a diagram represent- 
ing the results of such observations, will you do so, giving the 
authority from which they were made? 

Ans. The minute changes which take place during articulation 
are well shown in a series of curves made by Prof. E. W. Blake, 
Jr., of Brown University, and described in Silliman’s Journal for 
July, 1878. These curves were produced by reflecting a ray of 
ligbt from s mirror s0 attached fo the plate of a speaking tele- 
phone that the vibrations of this plate were communicated to the 
mirror. The reflected ray is caused to act photographically upon a 
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sensitized plate of glass, the mirror at the same time being caused 
to vibrate by the action of the voice upon the telephone plate. On 
rapidly moving the plate of glass in a direction at right angles to 
that in which the reflected ray was caused to vibrate by the vibra- 
tions of the mirror, a photographed representation of the complex 
vibrations of the mirror was produced. 7 

In Prof. Blake’s figures the vibrations characteristic of different 
vowels, and the rapidly changing vibrations produced in the case 
of a spoken sentence, are very beautifully shown. According to 
the statement made by Prof. Blake in the article referred to, the 
vibrations are magnified in the accompanying cuts one hundred and 
twelve times. Notwithstanding the accuracy of Prof. Blake’s draw- 
ings, the mere thickness of the lines in the woodcut is sufficient 
to obliterate many of the more delicate variations in those vibra- 
tions which characterize articulate speech. 

Int. 138. Referring again to the first Bell patent, No. 174,465, to 
which your attention has been called, will you state what the mov- 
ing parts are which you have referred to as being put in motion by 
sound waves, or by variations of currents produced by sound waves ? 

Ans. In Fig. 7 the transmitter possesses a movable armature, c, 
one end of which is hinged, while the other is so attached to a mem- 
brane at a@ that when this membrane is set in vibration by the utter- 
ance of a sound into the cone A, the armature shali be caused to 
tuke up the vibrations of the membrane. By the vibration of this 
armature, as it approaches nearer to or recedes from the pole of 
the electro-magnet 6, in accordance with the well-known laws of 
magneto-electric induction, electrical undulations or waves are pro- 
duced in and transmitted by the line wire e. The receiving instru- 
ment which is in electrical connection with the line wire possesses 
an electro-magnet 7, whose magnetic strength varies in ace .rdance 
with the electrical variations produced in the line wire in the man- 
ner described. In front of this electro-magnet of the receiver, and 
opposite its pole, is a vibratory armature of inductive metal, hinged 
at k, and connected at 7 with a membrane stretched over the larger 
end of the cone L, so that variations in the magnetic strength of the 
electro-magnet f, produced by electrical variations in the line wire 
é, produce variations in the armature h, and consequently in the 
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attached membrane, so that this attached membrane vibrates in cor- 
respendence with the motions of the membrane of the transmitting 
instrument, and therefore in correspondence with the vibrations of 
the voice by which the membrane of the transmitter is actuated. I 
should have said that the vibrating armatures of both the transmit- 
ting and receiving instruments are of iron or other inductive metal ; 
and I would also call attention to the fact that the hinged end of 
each of these vibratory armatures is in magnetic connection with 
that pole of the electro-magnet which is farthest from the vibrating 
purt of the armature itself; this mode of connection serving to 
increase to a certain degree the magnetic strength of the apparatus. 
Int. 14. Will you explain a little more in detail the functions of 
the battery represented in Fig. 7 of the Bell patent of which you 
have been speaking, and the manner in which the undulations in the 
current are produced in the apparatus repre<ented in that figure, and 
in what way the undulatory current acts in the receiving instrument 4 


to produce the proper results? 
Ans. The magnets 6 and f in Fig. 7 are electro-magnets, having 
soft iron cores, which cores are magnetic only when a current of 
electricity is passing threugh the coils surrounding them. The 
object of the battery shown in Fig. 7 is simply to produce this cur- 
rent, which shall cause the cores to be kept magnetized. The arma- 
ture c of the transmitter, which is of iron or other inductive metal, ~ . 
will, as it moves to and fro, alternately increase and diminish tbe 
magnetic strength of the magnet 6. These variations of magnetic 
strength will correspond to the various changes in motion of the + 
vibrating armature. In accordance with the well-known laws of 
magneto-induction, as discovered by Faraday, every change in the ™ 
mignetic strength of the core of the electro-magnet 5 will produce 
corresponding changes in the current of electricity which passes 
through the line wire e. These variations in the strength of the cur- 
rent will cause corresponding variations in the magnetic strength of 
the electro-magnet 7, and the variations in the strength of the mag- 
net will act immediately upon the vibratory armature ath. An in- 
crease of strength in the magnet f will cause the armature to approach 
to the magnet, while diminution of magnetic strength will allow the 
armature, under the influence of the tension of the membrane to 
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which it is attached, to recede farther from the pole f Hence, under 
the influence of the varying magnetic strength of f, the vibratory 
armature at 2 will execute vibrations corresponding to these changes 
in magnetic strength, and therefore corresponding to the changes in 
the electric current in the line wire e, to the changes in the magnetic 
strength of the magnet 4, and therefore corresponding to the varia- 
tions in the motion of the vibratory armature at c, when moved by 
the vibrations of the membrane with which it is in contact. The 
membrane of the receiving instrument at ¢ will therefore vibrate in 
correspondence with the membrane a of the transmitting instrument. 

Int. 15. Please state briefly the principal scientific facts which 
you find set forth, and correctly set forth, in Mr. Bell’s patent No. 
174,465, of March 7, 1876, with reference to the apparatus shown 
in Fig. 7, and its operation, and which bear upon the question 
whether the patent, so far as that apparatus is concerned, is a patent 
for an electrical speaking telephone. 

Ans. The speaking telephone is shown in Fig. 7 of the patent. 
In the body of the specification and in the claim, the patentee de- 
scribes the nature of the operation which will take place when a 
sound is uttere.! into the transmitter by the hu:nan voice. I know, 
as a matter of scientific knowledge, that when spoken to this is the 
kind of operation which it theoretically will perform, and the only 
kind of operation which it theoretically can perform. 

The patentee then asserts the consequence of that operation with 
that apparatus to be that a similar sound to that uttered into the 
transmitter is then heard to proceed from the receiver. This action 
is theoretically the necessary consequence of this operation of the 
apparatus, I know from actual trial that this operation would be so 


well performed by a set of instruments constructed according to the 


instructions of the patent, and without further invention, that the 


listener at the receiving end will recognize and understand the 
words spoken at the transmitting end. 

That feature to which the most prominence is given in the specifica- 
tion is the similarity of form between the sound vibrations which 
actuate the instrument and the electrical undulations due to them. 
This is expressly mentioned in the following sentences of the speci- 
fication: “ These undulations are similar in forin to the air vibrations 
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caused by the sound —that is, they are represented graphically by 


similar curves.” 

This is the only feature specifically mentioned in the claim, which 
reads as follows : — 

“5. The method of, and apparatus for, transmitting vocal or other 
sounds telegiaphieally, as herein described, by causing electrical 
undulations, similar in form to the vibrations of the air accompany- 
ing the said vocal or other sounds, substantially as set forth.” 

This feature of similarity in fourm between the electrical undula- 
tions and the air vibrations producing them secures the transmission 
of quality. It has no purpose, function or effect, except the trans- 
mission of quality, which includes articulate speech. This corre- 
spondence of form is the essential electrical novelty which dis- 
tinguishes this apparatus from all others known to the community 
before it. 

Int. 16. Do you find any inode suggested in the patent as ay 
alternative one to that you have described, of producing the varia- 
tions or undulations in the current between the transmitter and 
receiver; if so, will you quote from the specification the language 
which refers to such other mode? 

Ans. It was well known to electricians, long before the date of 
Mr. Bell’s first patent, that the strength of an electrical current can 
be varied, either by increasing the electro-motive force of the 
source of electricity or by diminishing the resistance of the circuit, 
and couversely, in accordance with the well-known law of Ohm, 
strength of Current == Eltetro-motive Force 

In the apparatus which I have described, Mr. Bell explains a 
mode of producing these electrical undulations by varying the 
electro-motive force. He also clearly recognizes the possibility of 
producing such undulations by varying the resistance of the circuit. 
In his specification No. 174,465, I find the following: — 

* Electrical undulations may also be caused by alternately increas- 
ing and diminishing the resistance of the circuit. . . . The internal 
resistance of a battery is diminished by bringing the voltaic elements 
nearer together, and increased by placing them farther apart. The 
reciprocal vibration of the elements of a battery, therefore, occasions 
an undulatory action in the voltaic current. The external resistance 
may also be varied. For instance, let mercury or some other liquid 
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form part of a voltaic circuit, then the more deeply the’ conducting 
wire is immer-ed in the mercury or other liquid the less resist: nce 
does the liquid offer tothe passage of the current. Hence, the vibra- 
tion of the conducting wire in mercury or other liquid included in 
the circuit occasions undulations in the current. The vertical vibra- 
tions of the elements of a battery in the liquid in which they are 
immersed produces an undulatory action in the current by alter- 
nately increasing and diminishing the power of the battery.” 


Int. 17. If electricians have been in the habit of stating, in alge- 
braic terms, the law to which you have referred, will you give the 
form of expression which has been used, explaining the symbols, 
and state how long that law has been known, and whether or not it 
is one which has been found of use in the practical application of 
electricity ? 


_ 


Ans. The law of Ohm is usually expressed by a formu'a C =<, in 
which c is the strength of the current; E the electro-motive force, 
that is, the force producing the current; and Rk the total resistance 
of the circuit. Ohm’s law was, if I recollect rightly, first stated 
by him in the year 1827. For the last thirty years its importance 
has been fully recognized by physicists, and it has been applied by 
constructors of electrical apparatus in determining the dimensions 
and arrangement of the different parts of such apparatus. 

Int. 18. In your judgment, does the substitution of one of these 
_ways of varying the current for the other substantially change the 
character of the described apparatus as an apparatus for transmitting 
sounds, or substantially change the method by which sounds are 
transmitted or reproduced ? 

Ans. Speaking as a scientific man, I should say that it does not. 

Int. 19. Have you examined and tested the instruments marked 
* Exhibit Defendants’ Transmitter” and “ Exhibit Defendants’ Re- 
ceiver” in this case? If so, for what purpose do you find them to 
be adapted, and what has been the result of your tests with them? 

Ans. Ihave examined and tested the instruments referred to, 
namely, Exhibit Defendants’ Transmitter and Exhibit Defendants’ 
Receiver, and I find that they are, from their construction aud 
wethod of operation, adapted, when suitably connected with a 
battery, to transmit articulate speech. I have in fact so connected 
them, and transmitted articulate speech by means of them. 
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Int. 20. When so connected and used for that purpose, what 


substantial likeness, if any, does the apparatus thus constituted, 


and the method by which it operates to transmit speech, bear to 
the apparatus and method described in the patent to Bell of which 
you have been speaking, and referred to in the fifth cliim thereof; 
wud in making this comparison, state whether or not in your judgment 
the defencants’ said instruments, when so used, embody the inven- 
tion dcesc:ibed in said patent and referred to in said claim ? 

Ans. The apparatus to which I have referred in my last answer, 
Exhibit Defendants’ Transmitter and Exhibit Defendants’ Receiver, 
when connected and so operated as to transmit articulate speech, * 
use the method invented by Mr. Bell, and described in his specifiva- | 


tion No. 174,465, for transmitting vocal or other sounds telegraphi- 


| 


| 
cally, by causing electrical undulations similar in form to the. vibra- 
tions of the air accompanying such sound. The instruments in | 
quéstion most certainly embody the invention which Mr. Bell de- ' 
scribes in his specification referred to, and when used in the trans- | 
mission of articulate speech constitute an apparatus which is sub- 
stantially that described by him in his said patent in connection with 
Fig. 7 of the drawings and referred to in the fifth claim. . ae 
Int. 21. Inthe operation of transmitting speech in the defend- cj : 
ants’ apparatus, what is the importance of causing the clectrical 
undulations to be similar in form to the sound waves? as 
Ans. Precisely the importance which is indicated in my answer 
‘4 


to Int. 8. Any departure from similarity impairs the character of | 


the speech to the extent to which it occurs; and when that depart- 


ure or any extraneous disturbance reaches a certain point, the 


sounds at the receiver cease to be intelligible as speech. A 


Int. 22. Will you compare these instruments, when so connected 


and used, with Mr. Bell’s apparatus, to which you have referred, 


yointing out the functions and mode of operation of the several parts ? 
- l 


And if you find that these instruments differ specifically from the Bell 


apparatus, explain the nature of the differences, and give your judg- 


ment as to their affecting the substantial likeness of this apparatus to 


the Beil apparatus and its method of operation. 

Ans. In Mr. Bell’s patent No. 174,465, [ find a transmitting in- 

strument, a receiving instrument, a line wire connecting these, and a 
p | 
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battery or other source of electricity. In the apparatus described, 
the transmitter possesses a movable part, which is capable of being 
set in vibration by the agency of the voice. This movable part is 
so arranged that it shall cause electrical variations in the current 
traversing the line wire. ‘The receiver is so arranged that the varia- 
tions of current referred to shall communicate motion to a movable 


part, which shall in its tarn communicate motion to the air about it. 


As [have already shown at some length, the vibrations of this mova- 
ble portion, when actuated by the sound waves produced by the 
voice, correspond to these in form, and by their action upon the re- 
ceiving instrument cause it to vibrate in a similar manner, and hence 
produce corresponding vibrations in the air about the receiver. The 
function of the transmitter, it is evident. is simply to produce in the 
line wire electrical undulations similar in fourm to the vibrations of 
the air particles through whose agency they are produced. The 
function of the receiver is simply to translate, so to speak, the elec- 
trical undulations produced by the transmitting instrument and con- 
veyed to the receiving instrument by the line wire, into vibrations of 
the air at the receiving instrument. Mr. Bell indicates that these 
electrical undulations may be produced either by varying the electro- 
motive force of the current or by varying the resistance of the 
circuit. ‘ 

In the exhibits specified I find a transmitter and a receiver, which 
when placed in electrical connection with each other by means of a 
line wire, and provided with a battery as a source of electricity, are 
adapted to transmit, and will transmit, articulate speech from one 
station to another. 

In the defendants’ battery transmitter I tind an instrument, which, 
‘rom its construction, is adapted to preduce, and, when properly 

verated by the voice, will produce, electrical undulations in the 
current traversing the circuit, similar in form to the air waves by 
which these electrical variations are produced. 

In the defendant receiver I find an instrument which is adapted 
to produce vibrations in the air similar in form to vibrations origi- 
nally produced in the air at the transmitting station by the voice, as 
I have already explained. The defendants’ apparatus, like the appa- 

a transmitter, which, from its 


> 
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constiuction, is adapted to produce electrical undulations as de- 
scribed, and a receiver which is adapted to retranslate these elec- 


trical undulations into vibrations of the air. 

The defendants’ battery transmitter adopts one of the modes men- 
tioned by Mr. Bell as suitab!e for the production of electrical undu- 
lations similar in form to the air waves produced by the voice, 


namely, by varying the resistance of the circuit. The precise 
means adopted in the defendants’ transmitter for varying the resist- 
ance of the circuit is different from the particular means referred to 
by Mr. Bell, inasmuch as it utilizes the property, possessed by 
various substances, of variation in resistance with variation in 


pressure. 

In my opinion, however, the adoption of one rather than another 
particular way of varying the resistance of the circuit does not ma- 
terially affect the substantial likeness of the apparatus of Mr. Bell 
and defendants, or its method of operation. 

Int. 23. Will you state whether the fact to which you refer, that 
the resistance of substauces may be varied by pressure, was one 
known before the date of Mr. Bell’s patent, and recognized in the 
construction of electrical apparatus ; and if you can refer to any elec 
trical works of authority, where this fact is referred to, will you do 
so, and quote the references to the fact? 

Ans. It was known long before the date of Mr. Bell’s patent 
that the resistance of a circuit is varied, without being broken, by 
variations in the intimacy of contact or amount of pressure between 
two electrodes in contact, from one to the other of which a current 
is passing. This fact was noted and recorded by Du Moncel in his 
book, “ Applications de lElectricité,” Vol. II. p. 246, edition of 
1856, published at Paris in that year. In the “Comptes Rendus” for 


July, 1874, a communication from the same writer described some 


experiments as to the resistance offered to the current in passing 


from one electrode to another, in the case where one was a good 


conductor and the other a poor conductor, and showed that a mod- 


erate increase of pressure at the contacts would materially increase 


the conductivity, and thereby the current ; and he gave his explana- 


tion for this phenomena. 
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In Du Moneel, * Applications de l’Electricité,” ed. 1856, Vol. I. 
p. 246, I find the following : — 


* Une chose assez curicuse, et qui parait étre au premier abord en 
contradiction avec la thévrie que lon s’est faite de lélectricité, c’est 
que la plus ou moins grande pression exercée entre les pieces de 
contact des interrupteurs influe considérablement sur Vintensité du 
courant qui Jes traverse. Cela tient souvent a ce que les métaux de 
Pinterrupteur ne sont pas toujours dans un état parfait de décapage 
au point de contact, mais peut-étre aussi & une cause physique encore 
mal appréciée. Ce qui est certain, c’est que, dans les interrupteurs 
ou la piece mobile de contact est sollicitée par une force extréme- 
ment minime, le courante éprouve souvent des affaiblissement assez 
notables pour faire manquer la réaction électrique qu’on attend 
deux.” 


Which I translate as follows: — 


“A somewhat curious fact, which at first sight appears to be in 
contradiction to the views ordinarily received as to the action of 
electricity, is that the greater or less pressure exercised between the 
contact pieces of interrupters has sn tmportant influence upon the 
strength of the current which traverses them. This often happens, 
because the metal of the interrupter is not perfectly free from rust 
at the point ef contact, but perhaps also because of a physical cause 
as yet but little appreciated. This is certain, that with interrupters 
in which a movable contact piece is acted upon by a very slight 
pressure, the current often suffers such an enfeeblement as to cause 
a failure in the electrical action which was expected.” 


The same writer describes, in the “Comptes Rendus” for July 6, 
1874, a series of experiments in which he measured the current in 
a circuit, part of which consisted of a platinum electrode and a piece 
of wood, more or less damp, kept in constant contact, but with 
varying pressure, and says, p. 41, in an article entitled “ Ré- 
cherches sur les transmissions électriques & travers les corps ligneux,” 
as follows :— 
ee ’ me es we . e . . 

Les expériences que j’avais 4 faire pour avoir une constation 
exacte des effets produits, étaient assez délicates, car une foule de 
causes 6trangeres peuvent intervenir, et changer les 1ésultats fournis. 
Ainsi le dégré de serrage des plaques métalliques de communication 
avec le bois, son isolement plus ou moins parfait du sol et des murs 
de Vappartement, oi Von expérimente, la grandeur des surfaces 
mises en communication avee le circuit métallique, la masse du bois, 
état plus ou moins humide d Pair du cabinet des expériences, le 
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contact fortuit des doigts sur les fils de communication avec le gal- 
vanométre, et état @isolement de ces fils sont autant de causes qui 
peuvent modifier les résultats que l’on obtient. 


“6. Que le dégré de la pression de la plaque de platine contre le 
bois a tellement influé sur Pintensité du courant ainsi transmis, qu’ 
étant de 12 dégrés avec un serrage maximum elle est devenue a zéro 
quand la plaque était abandonée & son propre poids, et 5 dégrés 
seulement avec un faible serrage.” 


This I translate as follows: — 


“The experiments that I have had to make in order to have an 
exact proof of the effects produced were very delicate, because a 
number of foreign elements might enter and change the results. 
‘Thus the amount of pressure upon the metallic plates in communica-g - 
tion with the wood, its more or less perfect insulation from the earth 
or the walls of the room, the size of the surfaces put in communica- 
tion with the metallic circuit, the mass of the wood, the greater or 
less humidity of the air of the experimenting room, the accidental 
contact of the fingers with the wires leading to the galvanometer, 
and the condition of the insulation of these wires, were causes which 
might modify the results that would be obtained. 


“6. That the amount ofthe pressure of the platinum plate against 
the wood has so much influence on the strength of the current thus 
transmitted, that from twelve degrees, with a maximum pressure, it 
became reduced to zero. when the plate was pressed only by its own 
weight, and to five degrees only with a sligit pressure.” 


In Du Moncel’s “ Traité de Telegraphie Electrique,” Paris, 1864, 
Part IV. p. 559, in speaking of apparatus designed to establish 


electrical contact, the author says : — 


“L’expérience montre que plus la pression des contacts est grande, 
plus est énergique l’intensité du courant qui les traverse.” 


That is, in English — 


* Experiment shows that the greater the pressure of the contact 
pieces, the stronger is the current passing through them.” 


That fact was also conste”” , acted upon in the practical use of 
electrical apparatus; care was always taken that contacts should be 
firm and with considerable pressure, for otherwise the full and 


desired strength of curre ie | 
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Int. 24. State more particularly what you have meant by varia- 
tions in pressure, as applied to the defendants’ apparatus, and as 
applied to the experiments and statements of Du Moncel, which you 
have quoted. 

Ans. By the variations in pressure which I have mentioned, I 
mean those variations because of which the contact pieces of hard 
carbon and platinum in the transmitter are pressed more or less 
closely together. I do not refer to these variations of pressure 
as producing change throughout the whole mass of the contact 
pieces, but simply to those variations which occur at the surfaces 
in contact. These are simply variations in the force by which 
the contact pieces are pressed together; and such variations pro- 
duce variations in the electrical resistance of the joint thus made. 
The greater the pressure the more intimate is the contact and the 
less the electrical resistance, and vice versa. 

Int. 25. What name has been given to that part of a battery 
telephone which is made to operate by variations in pressure between 
contact pieces of carbon or other conductor, and what familiar in- 
stance of such a telephone can you mention? 

In this connection also you may further explain the principle of 
its operation. 

Ans. That variety of the speaking telephone transmitter which 
is referred to in the question is known as the articulating micro- 


phone, or, more generally, simply as the microphone. The form 


best known in commercial use is what is called the “ Blake trans- 
mitter,” invented by Mr. Francis Blake, and manufactured for gen- 
eral use by the Bell Telephone Company in the fall of 1878, and now 
universally employed in the United States. 

The microphone consists physically of two electrodes placed 
normally in contact, with a slight pressure, and forming part of a 
circuit supplied with a current from a battery. A single Leclanché 
cell is generally employed in practice, though in some of my ex- 
periments with certain forms of microphone having large contact sur- 
faces I have used as many as four Leclanché cells or two Bunsen. 

One of the electrodes of the microphone is so arranged that when 
snoken to it will take up the vibrational movement of the sound 
waves. ‘The other electrode is mounted so as not to be similarly 


~~ 


— 
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affected by them; and the consequence is that the former electrode 
moves relatively to the latter. This motion of one electrode rela- 
tively to the other is excessively minute; but it is sufficient to 
so affect the current in the circuit that a magneto-receiver of the 
ordinary improved commercial form, conforming to the principles 
in‘licated by Fig. 7 of Mr. Bell’s first patent, will audibly repeat the 
words uttered into the transmitter. 

To ad in this operation of the transmitter, the electrode which is 
designed to be more directly vibrated by the voice is preferably 
made of such a shape as to offer of itself some considerable surface 
to the sound waves, or else is mounted upon an extended surface, 
such as a metallic diaphragm or a thin board. 

There seems to be hardly any limit to the forms which may be 
given to the microphone. Many materials, including the ordinary 
metals, can be used for the electrodes; but it has always been the 


practice to make one of them at least of carbon, because this mate- 


rial gives far better results than any other hitherto used. In the 


Bake transmitter, one electrode is a hemisphere of platinum about 
3}; of an inch in diameter, slightly flattened, while the other offers a 
plane surface of hard gas carbon, artificially hardened and_ polished. 

The back electrode, or anvil electrode, us it is sometimes called, 
is either rigidly held or is more often so mounted that it can yield 
somewhat, but not too readily, to the motions of the electrode 
directly acted on by the voice. The desired normal contact and 
pressure in the latter case are commonly obtained by the use of a 
spring or by gravity and sometimes in other ways. 

A speaking telephone on this principle was described in papers 
filed in the Patent Office by Mr. Berliner, and by Mr. Edison, in 1877. 
In 1878, Prof. Hughes reinvented it, approaching the problem from 
a somewhat different direction, viz., from vibrations mechanically 
excited by scratching with a pencil, or by the tramp of a fly, and 
passing thence to those excited by sonorous waves in the air. He 
first published a description of his instrument in a paper read before 
the Royal Society, London, May 9, 1878. Notices of it are to be 
found in the Scientific American Supplement, June 8, 1878, and 
elsewhere. ‘ 

The action of the microphone in transmitting articulate speech is 
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as follows: The sound waves produced by the voice impress their 
vibratiors directly upon the front or “hammer” eleetrode, and by 
virtue of the inertia of the back or “ anvil” electrode, as alrealy ex- 
plained, the vibrations of the first electrode cause corresponding 
Variations In pressure between it and the second electrode. These 
variations of pressure, by varying the electrical resistance of the 
microphone contact, create electrical undulations in the current 
similar in form to the sound waves producing them; and when 
these electrical undulations pass through the coils of the electro- 
magnet of the receiving telephone they cause corresponding varia- 
tions in the magnetic state of the core, and thus set the diaphragm 
into vibrations corresponding to such magnetic changes. By these 
vibrations of the diaphragm air waves are finally produced at the 
receiving station similar in form to those originally produced by the 
voice uf the speaker at the transmitting station. 

Int. 26. Did you testify as an expert in the case of the Ameri- 
can Bell Telephone Company e¢ al. v. Albert L. Spencer ef al., in the 
United States Cireuit Court within the District of Massachusetts, 
wherein a decision has been rendered for the complainants ; and 
were you familiar with the telephonic apparatus thereia complained 
of, and held by the Court to infringe upon the Bell patents aforesaid ; 
if so, what was the character of the transmitting instrument to which 
thé decision in that case applied ? 

Ans. I did testify as an expert for the complainants in the 
Spencer case 1eferred to, and became familiar with tie telephonic 
apparatus complained of therein. The transmitter of that apparatus 
wis an articulating microphone, which operated in the manner and 
according to the methud I have described in my last preceding 
unswer. 

Int. 27. Did you testify as an expert in the case of the American 
Bell Telephone Company v. Amos EK. Do!bear e¢ a/., in the United 
States Circuit Court within the District of Massachusetts, wherein 
a decision has also been rendered for the complainants ; and were you 
familiar with the telephonic apparatus therein complained of, and 
held by the Court to infringe upon the Bell patent No. 174,465; if 
so, what was the character of the transmitting instrument belonging 
to the apparatus to which the decision in that case applied? 
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Ans. I testified in the case referred to, and became familiar with 
the apparatus in that case. The transmitter was an articulating mi- 
crophone, and it operated in the manner which I have already 
described. 
Int. 28. You have said that the defendants’ transmitter produces 
electrical undulations by utilizing the property of variation in resi-t- ' 
ance with variation in pressure, possessed by various substances. WwW. 
Picase compare the construction and mode of operation of the de- 
fendants’ transmitter with the construction and mode of operation of 


the articulating microphone which you have exp!ained, and point 
out their substantial likenesses and differences. 

Ans. In the Exhibit Defendants’ Transmitter, I find a piece of 
platinum, which is firmly attached to the centre of a thin wooden 


f | 4 . ad ite 


diaphram. This constitutes the hammer electrode of the micro- 


phone. Against this piece of platinum there presses a cylindrical 


te 


piece of hard carbon, which is carried by a pendulous rod of iron. 


= 4 


This rod is pivoted toa brass arm at the upper part of the instru- 
ment, so that, when the transmitter is in its normal position, the iron 
bar, with the attached carbon, shall hang nearly, but not quite, 
vertical, the pivot from which the rod is suspended being so placed i j 
that the pressure of the platinum electrode upon the carbon electrode ie 
shall push the rod that is attached to the latter slightly aside from a 
vertical position. The normal pressure between the two electrodes 
will evidently be greater in proportion as the deflection of the rod 
from the vertical is increased. This inclination, and consequently 
the normal pressure, can be varied by means of an adjusting screw, 
which moves the axis of suspension of the rod, so that this axis may 
be either nearer to or farther from the plane of the diaphragm : in the 


former case increasing the normal pressure, and in the latter case 


PERS ower eta 
ee 


diminishing it. The joint between the pieces of platinum and car- 
hon is included in the battery circuit. When the diaphragm is set 


- 
g 


into operation by the sound of the voice uttered against it, the first 
or hammer electrode necessarily vibrates with the diaphragm. a «C*. 
These vibrations of the hammer electrode cause corresponding varia- oad 
tions to be produced in the pressure between the hammer and anvil 

electrodes, as I have already explained in my answer to Int. 25. ‘ | 


These variations in pressure produce corresponding variations in the 
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strength of the current flowing in the line wire. The contact pieces 
of platinum and carbon in the defendants’ transmitter, when mounted 
as described, constitute a microphone, and operate in the manner 
which I have already explained in my answer to Int. 25. 

It is customary in the practical use of microphone transmitters to 
employ an electrical apparatus known as an induction coil, in order 
to overcome more effectively the resistance of the circuit. An in- 
duction coil, as so used, consists of two entirely separate coils of 
wire, having a common axial core of soft iron. One of these coils is 
wound upon the outside of the other. The inner coil is composed of 
a small number of turns of rather coarse wire, and is called the 
primary coil. The outer coil is composed ofa large number of turns 
of fine wire, and is called the secondary coil. ‘The operation of the 
induction coil is such that, whenever a current of electricity of vary- 
ing strength is caused to pass through the primary coil, if the ends 
of the secondary coil are connected with each other (either directly, 
or indirectly by means of a circuit which may contain a receiving 
telephone), a current possessing similar variations will flow through 
the secondary circuit. But in accordance with well-known electrical 
principles, the current thus generated in the secondary coil will have 


a far greater power of overcoming resistance than is possessed by the 
original current in the primary coil. The induction coil thus acts as 
a sort of electrical lever. In the use of the induction coil witha 
microphone transmitter, the transmitter with the battery is placed in 
circuit with the primary coil of the induction coil. The secondary 
coil is placed in circuit with the line wire and the receiving instru- 
ment. Such an induction coil is universally used in the Blake trans- 


mitter when employed for commercial purposes, and was present in 
the transmitter of the defendants in the Spencer case, and in the 
Dolbear case to which I have heretofore r “rred. The induction 
coil in microphone transmitters is usually y 2d in some convenient 
position within the box holding the appe as. In the Exhibit De- 
fendants’ Transmitter the wire coils are placed upon the pendulous 
iron rod by which the carbon electrode is carried, so that this iron rod 
constitutes the core of the induction coil. As thus placed, the coil, 
in virtue of its mass, gives increased inertia to the anvil electrode, 
36 
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and also for a given inclination of the bar, increases the normal 
pressure between the electrodes. 

Int. 29. Have you examined Letters Patent of the United States, 
No. 298,286, dated May 6, 1884, and granted to the Clay Commer- 
cial Telephone Company as the assignee of Henry Clay, for Im- 
provements in Telephonic Transmitters ; and do you understand the 
construction and mode of operation of the apparatus therein de- 
scribed and shown? If so, will you compare that form of the 
apparatus which is delineated upon sheet 1 of the drawings of this 
patent with the Exhibit Defendants’ Transmitter; that is to say, so 
much of it as constitutes the transmitting member of the telephone, 
and state how you find the apparatus, so compared, to correspond or 
differ substantially in construction and mode of operation? 

Ans. Ihave examined a Patent Office copy of the patent referred 
to, and understand the construction and mode of operation of the 
apparatus described and shown therein. The apparatus of the Ex- 
hibit Defendants’ Transmitter is substantially identical with the ap- 
paratus described in the patent referred to, and shown in detail upon 
Sheet 1 of the drawings, Figs. 1, 2,3 and 4. There are some minor 
differences in the form and arrangement of specific parts, but these 
differences in no way affect the nature or mode of operation of the 
microphone in the transmitter. In the Exhibit Defendanty’ Trans- 
mitter the platinum electrode is a horizontal wire, and the carbon 
electrode a pencil with its axis vertical, while in the figures of the 
patent the platinum electrode, 0, is a vertical strip of that metal; 
and the carbon electrode, D, is a horizontal pencil of that material. 
Also, in the instrument of the exhibit the carbon electrode is per- 
manently attached to the pendulous bar, while in the patent the car- 
bon electrode, D, is loose upon its supports. Also, the specific 
means of varying the normal contact pressure between the electrodes 


are slightly different in the two cases, owing to a difference in the 


manner of suspension of the pendulous bar. The induction coil is 
found, and in the same position, both in the apparatus of the patent 
and of the exhibit. 

The mode of operation of the microphone in the Exhibit Defend- 
ants’ Transmitter is identical with the mode of operation of the mi- 
crophone of the patent. I find this recognized in the description of 
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that operation, as given in the specification of this patent, from 


which I quote as follows ; — 


“ My invention has relation to that class of telephonic transmitters 
wherein the changes of pressure upon a carbon block cause it to offer 
different resistances to the passage of an electiic current, so as to 
vary its strength in unison with the rise and fall of veeal utterances ; 
and it has for its object to simplify the construction of the instrument, 
make it more compact and durable, regulate the force of contact of 
the electrodes, and increase the electruo-motive force of the induced 


currents.” 


[ Counsel for complainants puts in evidence the patent just referred 
to, and the same is marked “Exhibit Clay Patent, No. 298,2¢6, 
Chas. H. Swan, Special Examiner.” |] 

Int. 30. Inthe answer of the defendant, the Clay Commercial 
Telephone Company, it avers that the telephones made, used and 
sold by it have been made and constructed under, and in pursuance 
of, certain Letters Patent of the United States, issued and granted 
to Henry Clay; and among these is specified Letters Patent No. 
288,017, dated Nov. 6, 1883, for Improvements in Telephonic 
Transmitters, and Letters Patent No. 280,580, dated July 3, 1883, 
for Improvements in Transmitters for Telephones. Have you 
examined these patents, and do you understand the construction and 
mode of operation of the apparatus therein described and shown 
respectively ; and, if so,-will you state briefly what is the character 
and mode of operation of the telephonic transmitters in which the 
improvements therein specified are embodied ? 

Ans. Ihave examined the patents referred to, and understand 
the construction and mode of operation of the apparatus therein 
described. The apparatus of both patents is a microphone. Their 
substantial construction and their mode of operation is identical with 
that of the microphone, as explained in my answer to Int. 25. As 
I have snid in that answer, there is hardly any limit to the number 
of special forms which may be given to the microphone. The opera- 
tion of the microphone, which I have described in thit answer, is 
recognized in both of the Clay patents, No. 280,580 and No. 288,017, 
and is expressly stated in the specification of the latter of these 


patents, from which I quote as follows : — 
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“ My invention has relation to that class of telephonic transmitters 
wherein the variations of pressure upon a carbon block vary the 
resistance therein to the passage of an electric current, to vary its 
strength in unison with the vibrations caused by vocal utterances.” 


The likeness existing between the Exhibit Defendants’ Transmitter 
and the apparatus described in the Clay patents, No. 230,580 and 
No. 288,017, is only the broad one arising from the fact that all three 
of them are microphones. The instrument Exhibit Defendants’ 


Transmitter does not contain the specific improvements which are 
mentioned and referred to in the claims of either of the two Clay 
patents, No. 280,580 and No. 288,017. 

Int. 31. Is the mode of securing and maintaining contact between 


the electrodes of the microphone transmitter, by attaching the anvil 
electrode to a pendulous weight, as illustrated in Exhibit Defend- 


ants’ Transmitter, a distinctively novel feature of this instrument? 


And, if not, you may referr to any prior microphone transmitter 


which embodied it. } 

Ans. Itis not. I find a device of this character described and . > 
figured in the United States patent No. 225,790, dated March 23, «2 
a 


1880, to Emil Berliner, of Boston. 

Int. 32. Please compare Exhibit Defendants’ Receiver with the 
receiving member L of the apparatus specifically described in the pat- 
ent to Bell, No. 174,465, and shown in Fig. 7 of the drawings there- 
of, and state what differences in construction you find, and how such 
differences affect, if at all, the substantial likeness of the two instru- 
ments in respect to their functivn and mode of operation, and the 
work they do in the transmission of sound. 

Ans. The operation of the Exhibit Defendants’ Receiver is iden- 
tical with the operation of the receiver shown in Fig. 7 of the patent 
to Bell, No. 174,465. In the defendants’ magneto-receiver there is 
a permanent multipolar magnet having three legs. The polarity of 


the ends of the two outer legs is opposite to that of the middle leg. 
A coil of wire is wound about the poles of the multipolar magnet. 
This is substituted for the particular form of electro-magnet shown 
at f in Fig. 7, in which latter case the coil is wound about one pole 


Instead of the membrane and attached 
abracm j ed with its 


of the electru-magnet only. 
armature described by_) 
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centre opposite the pole at the end of the middle leg of the tri-polar 
magnet. The permanent magnet used in this instrument replaces 
the electro-magnet shown in the receiver L of the patent to Bell, No. 
174,465, which does not affect the substantial likenss of the two in- 
struments, since the function of the battery shown in Fig. 7 is merely 
to keep the core of the electro-magnet magnetized. 

The magnetism of the permanent magnet of the Exhibit Defend- 
ants’ Receiver is substituted for the magnetization produced by the 
current in the Bell receiver of Fig. 7. The metallic diaphragm of 
the Exhibit Defendants’ Receiver replaces the combined armature 
and membrane diaphragm of the receiver shown in Fig. 7 of the 
patent to Bell, No. 174,465. In the Exhibit Defendants’ Receiver, 
by means of a soft iron plate the periphery of the svft iron dia- 
phragm is put in magnetic contact with the two outer poles of the 
permanent three-legged magnet, so that the centre of the disk has 
a polarity opposite to that of the end of the three-legged magnet 
which faces it. In like manner one leg of the electro-magnet, /, in 
Fig. 7 of the patent, No. 174,465, is so connected at & with the soft 
iron armature, /, that that portion of the armature, 4, which is opp»- 
site the pole of the electro-magnet, f, has a polarity opposite to that of 
the pole of the electro-magnet, 7, which it faces. None of the specific 
differences which exist between the Exhibit Detendants’ Receiver and 
‘the receiver shown in Fig. 7 of the patent to Bell, No. 174,465, 
affects in any way the substantial likeness between them, either in 
respect to their function or mode of operation, or the work they 
do in the transmission of sound. 

Int. 33. Among the patents to Henry Clay mentioned in the 
answer of the defendant, the Clay Commercial Telephone Company, 
under which it is averred that the telephones made, used and sold by 
it have been constructed, is No. 277,112, dated May 8, 1883, for Im- 
provement in Telephones. Have you examined this patent, and do 


you understand the construction and mode of operation of the in- 


strument therein described and shown; if so, will you compare it 
with the © -hibit Defendants’ Receiver, and point out such substan- 
tinal likene. or differences as you may find between the two, anid 
state how y «find the mode of operation of the instrument described 
in the patent, tocompare with that of the apparatus described in the 
es — ~ | 
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patent to Bell, No. 174,465, in connection with Fig. 7 of the draw- 
ings thereot ? 

Ans. I have examined the patent referred to. and understand 
the construction and mode of operation of the instrument therein 
described. The Exhibit Defendants’ Receiver is constructed in 
most respects in substantial conformity with the description given in 
the patent to Clay, No. 277,112. The chief difference which I 
notice between the two is in the manner of winding the coil about 


the ends of the three legs of the magnet. 
In the exhibit the coil is so wound that it completely and sepa- 
rately encircles each of the three poles in such a manner that, looked at 


from in front, the direction in which at any moment the current cir- 


culates around the two outside poles is opposite to the direction in 
which it circulates around the middle pole. With this mode of 
winding, the effect of the current tends to augment or diminish the 


strength of all of the poles simultaneously, which is of course desir- 


able in the operation of the instrument. Inthe instrument of the 


patent, the mode of winding is such that the wire is wound so that 
the current, at any moment, circulates in the same direction about 
all three poles ; the wire surrounding the three poles collectively but 
not individually. With such a mode of winding the effect of the 
current is to augment the strength of the outer poles at the same 
moment that it diminishes the strength of the middle one, or con-. 
versely, an action which is evidently undesirable. Although this 
mode of winding tends to impair the efficiency of the instrument of 
the patent to Clay as compared with the Exhibit Defendants’ Receiver, 
it in no way affects the identity of the mode of operation of the two 
instruments, in so far as they are both electric speaking telephones. 
The operation of both the Exhibit Defendants’ Receiver and the 
instrument described in the patent to Clay, No. 277,112, is substan- 
tially identical with the operation of the receiver, shown at L, in 
Fig. 7, of the patent to Bell, No. 174,465. This substantial identity 
of operation is recognized in the patent to Clay, No. 277,112, from 


the specification of which I quote the following : — 


“The instrument is shown as a receiver, and the action of the 
current coming from the connected instrument over the wires, which 
enter or are secured to the posts G, is continued through the coil 
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G around the entire magnetic field, and as the current varies, the 
magnetism in the magnet also varies and exerts its actéon on the dia- 
phragm F, causing the same to vibrate, and thus to emit sounds 
corresponding to those received by the instrument at the other end 


of the line.” 


[ Counsel for complainants puts in evidence the patent to Henry 
Clay just referred to, and the same is marked “Exhibit Clay Patent 
No. 277,112, Chas. H. Swan, Special Kxaminer.” |] 

Int. 34. Will you refer to the second Bell patent, No. 186,787, 
which has been produced in evidence, and describe briefly so much 
of the apparatus therein described as is referred to in the third, fifth, 
sixth, seventh and eighth claims; pointing out the functions or re- 
sults which are attributed to the parts of the apparatus referred to 
in those claims ? 

Ans. Claim 3 is as follows : — 


*3. The combination, with an electro-magnet, of a plate of iron 
or steel, or other material capable of inductive action, which can be 
thrown into vibration by the movement of surrounding air or by the 
attraction of a magnet.” 


By this I understand an electro-magnet combined with a plate of 
iron, steel or other material capable of inductive action. 

To satisfy the conditions of this claim the plate must be of such 
material, size, thickness and elasticity, and must be so mounted and 
arranged with reference to the magnet, that on the one hand the deli- 
eate air vibrations characterizing articulate speech may be able to 
impart their vibration to it without substantial alteration in charac- 
ter; while on the other hand it is capable of being set into vibra- 
tion through the action upon it of the minute changes imparted to 
the magnet by the variations in the current passing through the coil 
surrounding it, when those variations are of the delicate character 
which are employed in the transmission of speech in the speaking 


telephone. 
Claim 5 is as follows : — 


*5, The formation, in an electric telephone such as herein shown 
and described, of a magnet with a coil upon the end or ends of the 
magnet nearest the plate.” 
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This claim relates to the special form of magnet suited for use in 
an electric telephone, the coil being placed about the end or ends of 
the magnet nearest the plate. The object of thus placing the coil is 
to render the magnet quicker in its working ; that is, more ready to 
respond with the requisite rapidity to the variations in the strength 
of the current passing through the coil. A magnet with the coil 
thus placed responds more quickly by changes in its strength to 
slight changes in the strength of the current, and hence it is better 
adapted for use in the speaking telephone than a magnet in which 


the coil surrounds the whole length of the magnet, and which con- 


sequently acts more slowly. 
Claim 6 is as follows : — 


“6. The combination, with an electric telephone such as described, 
of a sounding-box, substantially as herein shown and set forth.” 


In this claim is mentioned the sounding box, which is combined 
with the telephone. This sounding box has an important influence 
in screening the plate of the instrument from the effect of extraneous 
sounds. The thin air space in front of the plate also exercises an 
important influence. 

Claim 7 is as follows : — 

“7. In combination with an electric telephone, as herein de- 


scribed, the employment of a speaking or hearing tube for conveying 
sounds to or from the telephone, substantially as set forth.” 


The speaking or hearing tube mentioned in this claim serves to 
concentrate the sounds produced by the voice upon the diaphragm 
when used as a transmitter, or to convey to the ear the sounds pro- 
duced by the diaphragm when used as a receiver. 

Claim 8 is as follows : — 


“8. In asystem of electric telephony, the combination of a per- 
manent magnet with a plate of iron or steel, or other material capa- 
ble cf inductive action, with coils upon the end or ends of said 
magnet nearest the plate, substantially as set forth.” 


In this claim I find mentioned the combination of a permanent 
magnet with coils upon its end or ends, as described, with a plate of 
iron or other material capable of inductive action. The use of the 
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plate of iron, in connection with the magnet, as described, in a sys- 
tem of electric telephony, furnishes a most excellent method of caus- 
ing the electrical and magnetic variations of the apparatus to produce 


corresponding vibrations in the air. 

Int. 35. Referring to the defendants’ instruments, which have 
been introduced in evidence, will you compare them with the appa- 
ratus described in the patent last referred to, and state how far, if 
at all, you find them to eimbrace the features or combinations de- 
scribed in that patent, and referred to in the claims above specified ? 

Ans. In the Exhibit Defendants’ Receiver I find a magnet com- 
bined with a plate in the manner described in claim 3. I also find 
that this magnet has a coil upon the ends which are nearest the 
plate as described in claim 5; these ends being the terminations of 
the several legs of the three-legged magnet of the Exhibit Defend- 
ants’ Receiver. I find also a permanent magnet as described in 
claim 8. The magnet in Exhibit Defendants’ Receiver and the micro- 
phone in Exhibit Defendants’ Transmitter are placed within a sound- 
ing box as described in claim 6. Both Exhibit Defendants’ Trans- 
mitter and Exhibit Defendants’ Receiver possess the speaking and 
hearing tube mentioned in claim 7. In the Exhibit Defendants’ Re- 
ceiver the hearing or speaking tube is so arranged as to leave a thin 
space filled with air in front of the vibrating plate. 

Int. 36. I find in the second Bell patent a statement that the 
same instrument is used both as transmitter and receiver, and I 
understand that the electrical and magnetic portions of the apparatus 
described in Beli’s first patent are the same both in the transmitter 
and receiver, the instruments differing merely in the forms of the 
cones, one of which is especially adapted to enclose the mouth, while 
the other is shaped so as to enter or be applied to the ear; will 
you state whether the magneto-telephone Exhibit Defendants’ Re- 
ceiver is, when properly connected in line with another instrument 
of the same kind, capable of being used as a transmitter as well as 
a receiver ? 

Ans. It is capable of being used both as transmitter and receiver 
under the circumstances mentioned. 

Int. 87. Will you describe the character of the circuits and con- 
nections indicated by the structure of the defendants’ two instru- 
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ments, and usual with a speaking telephone apparatus which includes 
a battery transmitter, and then state whether the magneto-instru- 
meuts, as arranged at the two euds of the line, will be so connected 
in circuit with each other that, without any change, speech uttered 
into one will be heard at the other ? 

Ans. I make the following drawing to illustrate my meaning : — 


STATION 1 LINE 


| T 


In the figure, I C and I’ C’ are two induetion coils; B and B/ are 
voltaic batteries, and T and T’ transmitters in the primary circuits 
of the coils. Rand BR’ are magueto-tcleplones placed in a line con- 
nected with one terminal of the secondary wire of each induction 
coil. G and G/ are earth plates, with connecting wires running to 
the other terminals of the secondary wires of the induction coils. 
Gand G/are buried in the earth, so that the secondary circuit is com- 
pleted through the earth, and includes the secondary helices of the 
two induction coils, and the two magneto-telephones R and BR’. 
Speech actuating either T or T’ is reproduced in the receivers Ki and 
Rk’. Al-o, if either R or WY’ be spoken into and used as a transmitter, 
since R and BR’ are joined in complete circuit by means of the 
line wire, the secondary wires of the coils, and the earth, speech will 
be reproduced in the other receiver, as when the apparatus shown in 
Fig. 7 of the first Bell patent, or Figs. 4 and 6 of the second Bell 
patent, is used. 

This is the ordinary arrangement, and, as indicated by the con- 
struction of the defendants’ transmitter, is the arrangement intended 
to be used by them. Indeed, it is not uncommon on ordinary tele- 
phone lines, as thus arranged, to use one of the magneto-instruments 
as a transmitter, when for any cause the microphone transmitter, 
the battery, or any portion of the primary circuit Is out of order. 

Int. 38. I understand from your previous testimony that in a 


speaking telephone apparatus consisting of transmitters, receivers, 


batteries and other adjuncts, as shown in the above diagram, the 
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articulate speech uttered into any transmitter is heard at the receiver 
as the same articulate speech in consequence of the electrical undu- 
lations similar in form to the sound waves, and that those electrical 
undulations are caused by the utterances of the speaker which said 
sound waves are due toor accompany. I wish you would now state, 
by reference to said diagram, in what part of the whole apparatus, 
including in that phrase the various circuits, those electrical undula- 
tions exist, and in what part they must exist and be operative in 
order that speech may be transmitted so as to be intelligible to the 
listener. 

Ans. If a person speaks into one of the transmitters, as, for ex- 
ample, T at station 1, the current produced in the primary circuit by 
the battery Lb is thrown into the described electrical undulations by 
the action of the voice upon the transmitter. These undulations 
occur throughout the whole primary circuit of the induction coil I C. 
Similar electrical undulatious are produced in the secondary of 
I C, and in the whole circuit of which it forms a part, including the 
magneto-telephones Rand Kh’, and the secondary wire of the induction 
coil I’ C’.. Similar undulations are also produced in the primary of 
the induction coil I’ C’; but in this circuit they have no importance. 
These electrical undulations are produced in the primary circuit 
by the action of the voice upon the transmitter. It follows, from the 
relation of the primary and secondary helices of the induction coil, 
that undulations similar in form are produced in the secondary wire, 
the line, and the receiving instruments placed in the circuit. It is 
because of the presence of these electrical undulations in the sec- 
ondary circuit, and of their similarity to the undulations produced 
by the voice in the primary circuit, that words spoken into the 
transmitter are reproduced by the receiver. 


[ Adjourned. | 


Boston, Dec. 18, 1884. 


Int. 89. Since the conclusion of your direct examination, November 
22, 1884, a decision has been readered for the complainants in the 
suit of the American Bell Telephone Company e¢ al. v. The People’s 
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Telephone Company e¢ al., in the United States Circuit Court for 
the Southern District of New York. Did you testify as an expert in 
that case, and were you familiar with the telephonic apparatus therein 
complained of, and now held by the Court to infringe upon the 
aforesaid patents to Bell? If so, what was the character of the 
transmitting instrument to which the decision in that case applied? 

Ans. I did testify in that case, and was familiar with the trans- 
mitting and receiving instruments which were employed. The 
transmitter was a microphone transmitter, embodying the same mode 
of operation as that found in the Blake transmitter and other 


microphones. 


Oross Examination by FurMan SHEPPARD, Esq., of Counsel for 
Defendants. 

Cross-Int. 40. Have you ever been practically engaged in te- 
lephony as a business or an occupation; and, if so, when, where, 
in what capacity and for how long? 

Ans. Ihave never been engaged in telephony either as a busi- 
ness or as an occupation. 

Oross-Int. 41. What was the state of the art as to the electrical 
transmission of sound, prior to the alleged invention or discovery 
described and claimed by Bell in his patent of 1876, No. 174,465? 


Ans. The principal published papers upon the subject were those 


of Reis, whose circuit-breaking transmitter was well known, both in 
this country and abroad, long before the date of Mr. Bell’s invention. 
There were also various notices of the apparatus of Reis in different 
scientific and other publications. Reis had attempted to transmit 
speech, but so far as appears to me from his original papers, without 
practical success. There were a few other papers containing de- 
scriptions of suggestions or apparatus of Bourseul, Van der Weyde, 
and others, but in none of these papers, so far as Iam aware, is 
there any indication that sriiculate speech was transmitted. The 
only forms of instruments which I know of as having been described 
before 1876 were different forms of circuit-breaking transmitters. 
These instruments transmitted the pitch of different musical sounds, 
including the pitch of the voice, with success. 
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Cross-Int. 42. In the state of the art prior to the Bell patent of 
1876, what is the nearest approach you find to the thing claimed in 
the fifth claim of that patent, and to the devices represented in Fig. 
5 and Fig. 7 of said patent? 

Ans. Ido not know of anything more closely approaching the 
device of Fig. 5 than some of the circuit-breaking multiple telegraph 
transmitters of Gray and Bell. I do not think of anything approach- 
ing Fig. 7 more closely than the Reis transmitter. There is an old 
suggestion by Bourseul regarding the use of vibrating plates, one at 
each of two stations, but he does not describe any apparatus. The 
circuit-breaking instruments, to which I have referred, differ from the 
apparatus of Figs. 5 and 7 in the fact that they in no way endeavor 
to preserve substantial continuity in the electrical current. The fifth 
claim appears to me to embody an entirely original idea, which I do 
not find in earlier publications. 

Cross-Int. 43. What are the priveipal theories that have been 
from time to time propounded respecting the nature of electricity, 
and the nature and cause of electrical action; and in what theory, 
if in any, are the leading electricians of the present day agreed ? 

Ans. It would of course be impossible for me to give, in any 
gaswer of reasonable brevity, a clear reply to the question which I 
am asked. We find that when two dissimilar bodies are rubbed 
together, they in general assume a condition in virtue of which they 
are capable of attracting each other. Each will also attract con- 
ducting bodies which have been placed in contact with the other, and 
repel conducting bodies which have been placed in contact with it- 
self. We express this difference of state by saying that the bodies 
originally rubbed together are oppositely electrified, or oppositely 
charged, or that they are at different electrical potentials. Conven- 
tionally we may speak of one of these bodies as electrified positively, 
and of the other as electrified negatively ; these terms being mere 
conventions, and not necessarily implying the truth of any particular 
theory. If we connect one of these bodies with the other by a wire, 
we find that this wire acquires temporarily certain properties which 
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It will attract a 


piece of iron, or if it is coiled around an iron bar will render the bar 


it does not possess under ordinary circumstances. 


magnetic. It will als» deflect a compass needle from a north and 
south line, if the wire is held parallel to the needle. The same 
effects will occur if either of the charged bodies is connected by 
means of the wire tothe earth, orto an unelectrified body ; and we find 
that the charge of the electrified body under these circumstances 
rapidly diminishes until it is reduced to zero. It is evident from 
this, together with other facts, that some change is propagated along 
the wire, and in order to avoid circumlocution we imagine something 
which we call “electricity ” to pass from the charged body through 
the wire, and speak of these actions, which I have mentioned, as due 
to what we call “the electric current.” 

We assume conventionally that the current flows from the posi- 
tively to the negatively electrified body, from the positively electri- 
fied body to the earth, and from the earth to the negatively 
electrified body. We speak of the “potential” or electrical level 
of the positively electrified body as being higher than that of the 
earth, and of the potential of the negatively electrified body as 
being lower than that of the earth, assuming the earth to be at a 
potential or electrical level of zero; measuring our electrical level 
as above and below the electrical level of the earth, something as 
we measure an elevation or depression on the earth’s surface as 
above or below the level of the sea. 

It is very probable that there is something to which we give the 
name electricity which actually passes through the conducting wire 
among its molecules. It has been supposed by Edlund that the 
electrical current might be a current of the luminiferous ether, that 
medium which we suppose to fill all space, and by means of waves in 
which light and heat are transmitted to us from the sun. 

When a body is electrified it brings the medium in which it is 
placed, if this be a poor conductor, into a condition which may be 


called “electrical strain,” 


this being analogous to the mechanical 
strain which is set up in ordinary matter under the action of a dis- 
torting force. ‘This state of strain can be brought about and kept 


up only in media which will not allow the electricity readily to pass 
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through them from particle to particle. From the observed effects 
of currents flowing in a wire upon magnets, and of magnets upon 
currents, we are led to infer the existence of vortical motions in the 
ether which surrounds all bodies. The phenomena of attraction and 
repulsion of charged bodies, and of the reciprocal actions between 
magnets and currents of electricity have been explained by Maxwell 
as the result of tensions and compressions existing in small rotating 
misses of the ether. We have the strongest reason for believing that 
it is the same ether through which are propagated both light waves 
and the electrical disturbances which act through non-conducting 
media, and also for supposing that light itself is an electro-magnetic 
disturbance in the ether. Maxwell has shown that the various 
known electrical phenomena can be accounted for by supposing the 
existence of a pull along certain definite lines known as “lines of 
magnetic force,” and a thrust in a direction at right angles to these; 
and he accounts for the existence of this pull and thrust, by forces 
called into play from the vortical or rotary motions of small parti- 
cles or cells of the insulating medium through which electrical dis- 
turbances are propagated. When a current passes through a wire, 
these voitices are produced in the spice about the wire. 

I have spoken of the production of a current of electricity by 
connecting a charged body with the earth. Such a current is very 
brief, owing to the fact that as the charged body contains only a lim- 
ited quantity of what we call electricity, it is speedily discharged by 


the passage of the electricity as an electrical current through the 


wire to the earth. We can, however, prodfice a continuous current 
by the use of a voltaic battery, and the properties of this current 
are identical with the properties exerted by. the transient current 
so long as the latter exists. I think that scientific men generally 
are inclined to accept provisionally at least the views which I have 
stated as explaining electrical phenomena. | 

Historically a good many different theories have been held. 
Franklin supposed that when two bodies are rubbed together one of 
them loses a portion of a normal charge of electricity which all 
bodies have, while the other gains an equal amount. The former 

39 
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body he calls negatively, the latter positively, electrified. Symmer 
and Dufaye imagine the existence of two opposite electricities which 
they call vitreous and resinous electricities, but which have since gen- 
erally been called positive and negative electricities : these two kinds 
of electricity attracting each other, and when combined together in 
equal quantities neutralizing each other as an acid neutralizes an alkali. 
In unelectrified bodies these electricities exist in equal quantities, 
and neutralize each other; but when two bodies are rubbed together, 
the positive electricity passes to one, and the negative electricity 


. 


is negative ” electricity 


93 


to the other. The terms “ positive” and 
are still in common use smong scientific men, but in a purely con- 
ventional sense, as I suppose ne one competent to form an opinion 
accepts this theory. In discussing the phenomena of the voltaic 
battery, this theory supposes a current of positive electricity to flow 
through the circuit from the copper pole of the battery, and an 
opposing current of negative electricity to flow in the ‘opposite 
direction from the zine pole; but it has not been customary to con- 
sider any but the positive current, and the language of the single 
fluid theory of electricity has generally been used in describing the 
phenomena of the electrical current. 

Cross-int. 44. What is the theory of the nature of electricity, 
und of the nature and cause of electrical action that is accepted or 
adopted by you? oe 

Ans. The theory which I have explained most at length in my 
last answer as being generally adopted by scientific men, I should 
accept as a working hypothesis. I prefer, however, in discussing 
electrical phenomena to avoid the assumption of any particular theory 
as to the nature of electricity. Its laws of action are perfectly well 
known, and a knowledge of these is of far more practical importance 
than the discussion of any particular theory. 

Cross-Int. 45. What do you understand by the expression * cur- 
rent of electricity,” or by the word “current,” as applied to elec- 
tricity ? 

Ans. When I speak of a current of electricity as flowing through 
a wire, I mean it to be understood that the wire, in consequence of 
the electrical state in which it has been placed, exhibits various 
electrical and magnetic phenomena which under ordinary conditions 
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it does not manifest. The condition assumed by the wire is capable 
of propagation from one point of the wire toanother. We also find 
that we can increase or diminish the effects produced in virtue of the 
electrical condition of the wire, diminishing the magnitude of these 
effects when we increase the length of the wire or when we decrease 
the section of the wire, and increasing them by making the opposite 
changes in the length and section. We can also produce periodical 
changes in the condition of the wire, and hence in the magnitude of 
its electrical or magnetic effect. ‘These facts immediately suggest to 
the mind an analogy between the electrical changes and the changes 
which may take place ina tube conveying a current of water. By 
increusing the length of such a tube the velocity of the current, and 
hence what we might call the strength of the current, as measured 
by the quantity of water passing a given section of the tube in a 
second, is diminished. by increasing the diameter of the tube the 
flow is increased. If we increase the head or pressure upon the 
water, the flow is also increased, and in like manner by increasing the 
difference of potential or electro-motive force between two ends of a 
wire we may proportionally increase the magnitude of the electrical 
phenomena manifested by the wire. We therefore analogically 
refer the production of the electrical phenomena, which I have men- 
tioned, to the action of an electrical current which we imagine to flow 
through the wire, which current, like the current of water in the pipe, 
encounters a certain resistance to its passage, this resistance being 
increased when the length of the wire is increased, and diminished 
when the section of the wire is increased, so that the strength of the 
electrical current will thus be varied. Variations, whether slow or 
rapid, periodic or otherwise, in the magnitude of the electrical and 
magnetic phenomena manifested by the wire, we ascribe to similar 
variations in the electrical current. We do not necessarily assume 
the truth of any particular theory in using these terms, but they are 
employed because of the well-known analogy which I have mentioned, 
and they are universally used and understood by those conversant 
with electrical science. It is very probable, however, that there 
actually is a flow of something, to which we give the name “ electri- 
city,” through the wire. 
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Oross-Int. 46. Describe the motion, if motion it be, that consti- 
tutes a current of electricity, and state what it is that moves. 
Ans. Not knowing certainly whether there is an actual propaga- 


tion of something through the wire, I can answer the question only 


by assuming the truth of some hypothesis. It is quite probable 
that in a conductor, particles of something quite distinct -from ordi- 
nary solids, liquids or gases passes along the wire. To this we give 
the name “electricity.” We are entirely ignorant of its nature, but 
at the same time are capable of measuring it quantitatively by its 
effects, so that, following out our analogy, we can assert that under 
different circumstances of resistance and electro-motive force, dif- 
ferent definite quantities will pass a given section of the circuit in 
a second. 

We can ascertain as exactly the relation between these quantities 
as we can ascertain the relative weights of different masses of mat- 
ter. Wecan measure the capacity which bodies have for holding 
electricity. We can predict exactly how much heat will be pro- 
duced in a wire when a definite quantity of electricity passes through 
it. We can predict precisely what weight of water or other chemical 
compound will be decomposed into its elements, when a given quan- 
tity of electricity passes through it. We can calculate exactly what 
quantity of electricity will be produced when a definite amount of 
zine is consumed in the cell of a voltaic battery. Nevertheless, we 
do not know what the mode of motion in the electrical current is, 
nor the nature of the material which moves. 

Cross-Int. 47. State whether or not that motion is a motion of 
translation, or, in other words, a motion which involves change 
from place to place? 

Ans. There is apparently a translation of something from place 
to place, but we know nothing whatever about the velocity with 
which the electrical current travels. It may be very great or very 
small, we have no means of knowing which. All our measurements 
of the velocity of electricity, so called, merely determine the velo- 
city with which any change in the electrical current, as, for instance, 
an undulation produced in it, is propagated. 

Oross-Int. 48. What do you understand by the word “ intermit- 
tent ” as applied to a current of electricity ? 
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Ans. I understand an intermittent current to be a discontinuous 
current. Sucha current, for example, as is produced on making and 
breaking the circuit of a battery by alternately placing the circuit 
wires in contact and separating them. 

Cross-int. 49. What do you understand by the word 
tory,” as applied to a current of electricity ? 

Ans. The term “ pulsatory” has not becn as generally employed 
in electricity as the term “intermittent.” I understand by it, how- 
ever, a current which sustains sudden variations in its strength, with 


e 


‘ pulsa- 


intervals of constancy between them, such as weuld be produced, 


for example, upon a wire through which a constant current from a 


battery was flowing, if we were to superpose upon it a current from 
another battery, which latter current was frequently made and 
broken. This would give rise to sudden variations in the tctal 
strergth of the current flowing in the wire, but this current would 
never fall to zero; merely rising suddenly from its normal strength 


g 
to a maximum, and then falling again. 

Cross-Jnt. 50. What do you understand by the word “vibra- 
tory,” as applied to a current of electricity ? 

Ans. The term“ vibratory current” has not been in common use, 
and it is not one which I should preferably make use of, because it 
might easily be misunderstood. I should understand by the term, 
however, that the current in the circuit sustained periodic variations 
in strength and perhaps in direction also, which might be spoken of 
as “vibrations.” I think that the term “ undulatory current,” which 
expresses the same idea, is preferable to the term “vibratory cur- 
rent.” In using the term “ periodic variations,” I intended to imply 
that there was a more or less gradual change in the strength of the 
electrical current. 

Cross-Jnt.51. What do you understand by the word“ undula- 
tory” as applicd to a current of electricity, and what is the fact or 
the analogy, or what is it otherwise that has led tu the application 
of that word to « current of electricity ? 

Ans. By an undulatory electrical current I understand a curent 
which sustains periodic variations in strength, or in both stringth 
and direction; these variations being continuous in their nafure, so 
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that if we were to employ a graphical method of representing the 
strength of an electrical current, a wavy or undulating curve would 
represent the strength of the electrical current at any point of the 
circuit at successive instants. I suppose that it was the wavy char- 
acter of the curve representing the strength of the current that led 


to the use of the term “ undulatory,” or it may have been suggested 


by the fact that the periodic electrical variations occurring are ex- 
pressed by the same formule that express the motions of air parti- 
cles in a sound wave. 

Cross-Int. 52. What do you understand by the word “ oscilla- 
tion,” as applied to a current of electricity ? 

Ans. Such a periodic variation in the current as I have de- 
scribed in my last answer constitutes an electrical oscillation. 


© oscillation,” 


0 oss-Int. 53. Do you consider the three words 
“vibration” and “ undulation” as synonymous in meaning? 

Ans. The terms“vibration ” and “ oscillation” I should understand 
as being synonymous In all cases. In electricity I should understand 


99 ¢e 


the terms “ vibratory current,” “undulatory current ” and “ oscillatory 
current” to be synonymous. In physics we generally apply the term 
* oscillation ” or “ vibration ” to the motions of the separate particles 
composing a wave, and the term “ undulation ” to the wave as a whole. 

Oross-Int. 54. Do you consider the two words “intermittent ” 
and “ pulsatory ” as synonymous in meaning? 

Ans. Ido not. 

Cross-Int. 55. Which, if any, of these five designated currents, 
viz., intermittent, pulsatory, vibratory, undulatory and oscillatory, 
do you find in the previous state of the art to accompany, or to be 
concerned in, the electrical transmission of sound ? 

Ans. ‘The intermittent current only. 

Oross-Int. 56. What do you understand to be the difference, if 
any there is, between the meaning of the expression “ undulatory 
currents of electricity,” in the first claim of the patent of 1876, No. 
174,465; the expression, “electrical undulations,” in the second 


ra 


claim ; the expression, “undulations in a continuous voltaic current,” 
in the third and fourth claims; and the expression, “ electrical undu- 
lations,” in the fifth claim? 


[Objected to as inadmissible and incompetent, because calling for 


we 
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the interpretation of a written instrument which it is the peculiar prov- 
ince of the Court to construe; and further, because — as to the first, sec- 
ond, third and fourth claims — not opened in the direct examination. | 


Ans. I understand the electrical variations referred to in each of 


the claims mentioned to be of the nature which I have already 
described in my answer to Cross-Int. 51, as characterizing electrical 
undulations. 

Cross-Int. 57. Define what is meant by a continuous current of 
electricity, and state what are the distinguishing or distinctive char- 
acteristics of such a current. 

Ans. By a continuous current we understand a constantly flow- 
ing current in which there are no interruptions. The one distin- 
guishing characteristic of such a current, in strictness, is that it flows 
continuously. 

Cross-Int. 58. What are the specific differences, if any there be, 
between the nature and characteristics of a continuous current of 
electricity, and of a discontinuous current ? 

Ans. A continuous current flows continually, and although its 
strength may vary, the current does not cease. A discontinuous 
current is one in which there are breaks or gaps of continuity. In 
making these statements I am stating broadly the general sense in 
which these terms would be understood. 

Cross-Int. 59. How far, if at all, and to what extent, does the 
fact that a current of electricity is in one case continuous, and that 
in another case it is discontinuous, affect ‘the character or nature of 
the current itself? 

Ans. The current itself, while it lasts, is of the same nature in 
the two cases; that is, during that portion of the time in which the 
intermittent current is actually flowing, during the period between 

the breaks, the current is of substantially the same nature as it would 
be if continuous. 

Cross-Int. 60. Is the expression “continuous current of elec- 
tricity” used in contradistinection to what is commonly called “a 
make-and-break current”; and, if so, define precisely and particu- 
larly what is meant by a make-and-break current; and state what it 
is that constitutes, in your opinion, a make-and-break current, and 


ee 
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what are the erdteria by which a continuous current may be in all 
cases absolutely contradistinguished from a make-and-break current ? 
Ans. The expression “continuous current” is ordinarily used in 


contradistinction to the expression “discontinuous current.” By 


* 99 


the term “ make-and-break current,” when used, I should understand 
a current in which there were sudden interruptions, causing complete 
gaps in the continuity of the current. Strictly speaking, these gaps 
would have to last for a finite interval of time. I think that the 
characteristics of the two classes of current mentioned are absolute 
and necessary, and constitute the erzterta by which we distinguish 
the one from the other. 

[ Adjourned. | 

Dec. 19. 

Orvoss-Int. 61. Is the form of the electrical undulations, which 
transmit or reproduce articulate speech, different from the form of ¢ : 
the undulations which transmit or reproduce non-articulate vocal es 
utterance ? 4 

Ans. Itis. For every different quality of sound there is a dif- ok 
ferent and characteristic electrical undulation. bit 

Oross- Int. 62. Is or is not the form of the wave of a continuous 
undulatory electrical current different from the form of the wave of 
a discontinuous undulatory current? 

Ans. If I understand the question correctly, Iam asked, sub- 
stantially, whether the form of a continuous undulatory current (as 


I have defined an undulatory current) would be altered by simply 


omitting small portions of that current, without producing any 
other changes whatever, so that the continuous undulatory current 
\ would be graphically represented by a continuous curved line, 
whereas the discontinuous undulatory current would be represented 
by a dutted curve or by a curve composed of small curved lines, 


and exactly similar to the continuous curve, except that certain small 


portions are omitted. It seems to me, reasoning from the laws of 
acoustic vibrations, that the nature of the curve, and hence the nature 
of the undulation, would not necessarily be changed by the mere {= 


omission of certain small portions. The character of the curve is ' 


determined by what remains, provided of course that there is a 
sufficient amount remaining to specifically determine its nature. Of 
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course if the character of the curve representing the undulation is 
the same the form is substantially the same. 

Cross-Int. 63. Do the devices represented in Fig. 5 and Fig. 7 
in the patent of 1876, No. 174,465, transmit and reproduce musi- 
cal sound, both vocal and instrumental ? 

Ans. ‘The device represented in Fig. 7 will transmit and repro- 

duce both vocal and instrumental musical sounds. The device 
represented in Fig. 5 is adapted only to transmit and reproduce a 
certain definite and limited number of vibrations; that is, those 
% — vibrations which can be executed by the steel spring armatures c 
aay and 4. The device shown in Fig. 5 is especially adapted only to 
transmit such vibrations as would be produced by setting the spring 


into vibration in some manner; as, for example, by plucking it with 


‘ the finger, or by means of a current of air. These vibrations will 
% in general be musical in their nature, and it will therefore transmit 
[ | the corresponding particular musical sound. In this sense the 
7 device will transmit certain instrumental musical sounds. It is not 
4 adapted, however, to transmit either instrumental or vocal sounds 
* preduced in the air about it, and hence, speaking broadly, cannot 
_ eS a serve as a transmitter of vocal and instrumental musical sounds in 
Biase general. 

Cross-Int. 64. Why is it that the device represented in Fig. 5 is 
not adapted to transmit either instrumental or vocal sounds pro- 
duced from the air about it? 

Ans. Because, as is well known to those familiar with the prin- 
ciples of acoustics, such a tuned reed can vibrate in only a limited 
number of ways, and hence can transmit only a correspondingly 
limited number of sounds. Furthermore, it is not particularly well 
adapted to take up vibrations from the air about it. This last state- 
ment will perhaps be clearer if we compare a stretched membrane 
with the steel spring armature. The stretched membrane is light, 

elastic, and offers a large surface upon which the air waves can fall. 


It can, moreover, vibrate in an exceedingly great number of differ- 
ent ways. The steel spring armature is heavier, offers less surface 
: to the air, and because of its mass, dimensions, and mode of attach- 
41 
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ment, can vibrate much less readily and in a comparatively small 
number of ways. 
| Note. — A recess was taken at this point, and after the recess 
Chauncey Smith, Esq., attended as counsel for complainants, Mr. 
Roberts having been called away to keep a previous engagement. | 
Cross-Int. 65. Do the graphic forms of curves which represent 


articulate speech differ from tle forms of those which represent non- 


articulate speech ; and if so, in what respects or characteristics do 
they difler? 
Ans. The graphic forms of curves which represent articulate 


speech do not, speaking generally, differ in their nature from those 


representing non-articulate vocal sounds. Each particular vocal 
sound, whether articulate or inarticulate, is represented by a cor- 
responding curve. 

Cross-{nt. 66. Do the graphic forms of curves which represent 
articulate speech differ from the forms of those which represent 
musical sounds ; and if so, in what respect or characteristics do they 
differ? 

Ans. They do not differ in their nature. 

Cross-Int. 64%. In speaking of the subject matter of the patent of 
1876, No. 174,465, you have used the word “articulate.” Why have 
you used that word in connection with that patent ? 

Ans. I suppose that the question refers to my use of these ex- 
pressions in my answer to Int. 7, on p. 119 of the printed record; I 


e 


have there used the term “articulate speech” because it is with the 
transmission of articulate speech that the speaking telephone is 
especially concerned. 

Cross-int. 68. What do you understand to be the meaning of 


t 


the expression “ articulate speech ” in that connection ? 


Ans. I understand it to mean distinct words or sentences; that 


is, such a peculiar succession or combination of sounds as we use 
by common consent to express particular ideas ; such a combination 
of vowel and consonant sounds as we habitually use In speaking, as | 
distinct from the sounds of crying or singing without the use of x 
definite words. i 

OCross-Int. (9. How often, if at all, has the patentee used the word ) 


9 


articulate ” or the expression “articulate speech” in the specitica- 
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tion of the patent of 1876, No. 174,465, in defining its subject 
matter ? 


e 


Ans. Ido not recollect that the words “articulate speech” are 
used in the patent. 

Cross-Int. 70. In the expression “ vocal or other sounds,” as used 
in the fifth claim of the patent of 1876, No. 174,465, what do you 
understand by the words “ vocal sounds” ? 

Ans. Any sounds produced by the vocal organs.. 

Cross-Int. 71. In human beings what is the organ of vocal 
sounds ? 

Ans. The various portions of the throat and mouth cavity. 

Cross-Int. 72. Can you state in what sense physiologists use the 


ee 


expression “ vocal sounds ” ? 


e 
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Ans. My understanding of the use of the term “vocal sounds” 
is that which I have given above. I was nut aware that physiolo- 
gists used the term in any special or more limited sense. : 

Cross-Int. 73. What is the difference, if any there be, as you | 
understand it, between vocal sounds and articulate speech. 
Ans. The term “ vocal sounds” is broader and includes articulate 

‘speech. All articulate speech is composed of vocal sounds, but 

there are vocal sounds which «are not articulate. 


Cross-Int. 74. In human beings what is the organ of articulate 


speech? 
4 


Ans. ‘The various organs of the throat and mouth, especially the Lt 
: 4 mouth cavity, the lips, the tongue and the teeth. a 
| Cross- Int. 75. Can you state in what sense physiologists use the ti 
: expression “ articulate speech ”? | 
lL xs Ans. So far as I know, they use it in the sense which I have b 
| clready attributed to the expression. a 
; Cross- Int. 76. Can you state in what sense, if in any, physi- | 
| ologists distinguish. between vocal sounds and articulate speech ? uy 
. Ans. So far as I am aware a physiologist would use both of these 


\ 


Cross- Int. 77. In the expression “ vocal or other sounds” as used 
in the fifth claim of the patent of 1876, No. 174,465, what do you 
understand to be included in the words “ other sounds ” ? 
Ans. Any sounds which are not produced by the voice. 

. 


i 
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terms inthe senses which I have already attributed to them. | | 
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Cross-Int. 78. Do you understand the expression “ vocal or other 
sounds ” to include musical sounds and also noises? 

Ans. Ido. 

Oross-Int. 79. In your testimony in chief you speak of “the 
well-known Reis instrument” and “the action of the Reis appara- 
tus”; state specifically to what published description or representa- 
tion of that instrument or apparatus you refer in thus speaking of it. 

Ans. I did not have any one particular description of the Reis 
apparatus in mind, in what [ said. Very good descriptions of the 
Reis apparatus, however, sre fonnd in the following well-known 
works: “Die Neuren Apparate der Akustik,” by Pisko, published 
in Vienna in 1865, p. 94; Kuhn’s “ Handbuch der Angewandte Elek- 
tricititslehre,” published in Leipsic, in 1865, p. 1017; and Hessler’s 
“Technical Physics,” published in Vienna, 1866, Vol. I., p. 648. 
There are also very full descriptions by Reis and Legat in the yearly 
report of the Physical Society at Frankfort, published in 1862, and 
in the journal of the German-Austrian Telegraph Association for 
1862. 

Cross-Int. 80. You say in your testimony in chief that “the 


apparatus of Reis was intended to produce mere intermittences, the 


frequency of which corresponds to the pitch of the sound produced.” 
Please state the source of your knowledge as to what the instrument 
was “intended ” to produce. 

Ans. My knowledge of the Reis instrument and of the mode in 
which its inventor intended it to operate is derived from the papers 
to which I have referred, together with various other papers on the 
same subject. 

Oross-Int. 81. Please specify those other papers. 

Ans. The following are the principal ones: Frankfurter Con- 
versationsblatt, Nov. 29th, 1861; Forischritte der Physik, XVII., 
for 1861, pp. 171-3; Deutsche Industrie Zeitung, 1863, Chemnitz, 
April 17, 1863, No. 16, p. 184; May 1, 1863, No. 18, p. 208; 
May 29, 1863, No. 22, p. 249; Bottger’s Polytechnisches Notizblatt, 
1863, No. 61; Reis’s Letter to Ladd, Journal of the Telegraph 
Engineers and of Electricians for March, 1883, No. 46; The New- 
castle Daily Chronicle and Northern Counties Advertiser, Saturday, 
Aug. 29, 1863; Report of the Thirty-third Meeting of the British 
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Association for the Advancement of Science, in August and Septem- 
ber, 1863, published 1864; Prospectus of Mr. Albert, Angust, 1863 ; 
Circular of Reis; Reis’s Descriptive Circular; Dingler’s Polytechnic 
Journal, Vol. CLXIX., p. 169; Fortschritte der Physik, 1863, p. 
96; Gartenlaube, No. 51, December, 1863 ; Cosmos, Vol. XXIV., pp. 
349, 352, printed and published at Paris, March 22, 1864; Proceed- 
ings of the Literary and Philesophical Society of Manchester, pub- 
lished at Manchester, 1865; . Koenig’s Catalogue des Appareils 
LP Acoustique, Paris, 1865, p. 53; Pisko’s Neuren Apparate der Akus- 
tik, Wien, 1865, p. 241; Catalogue of J. W. Albert, mechanician, 
at Frankfort-on-the-Main, 1866; Electricity, by R. M. Ferguson, 
London, 1867, p. 257; Lehrbuch der Physik und Meteorologie, von 
Joh. Miller, Stiebente Auflage, Zweiter Band, 1868, pp. 486-389 ; 
The Manufacturer and Builder, May, 1869, Dr. Van der Weyde’s 
article, The Telephone; The Wonders of Electricity, translated 
from the French of J. Baile, New York: Scribner, Armstrong & Co. 
1872, pp. 140-148; Catalogue of J. W. Albert, mechanician, at 
Frankfort-on-the-Main, 18°38; Dr. Van der Weyde’s second article, 
The Invention of the Telephone, Scientific American, March 4, 
1876; Report of the Exhibition of Scientific Apparatuses in South 
Kensington Museem, London, 1876, p. 188, Group 6, Sound, 922 ; 
Report of the Forty-seventh Meeting of the British Association for 
the Advancement of Science, held at Plymouth, in August, 1871, 
article by W.H. Preece, On the Telephone; The Telephone, by 
Prof. A. Ik. Dolbear, Boston, Lee & Shepard, 1877, pp.. 99-116. 
[ Adjourned. | 
Dec. 20, 1884. 

Cross-Int. 82. lteferring to the drawings attached to the patent 
of 1876, No. 174,465, state what difference, if any, there is, in prin- 
ciple and mode of operation between the device represented by Fig. 
5 and that represented by Fig. 6. | 

Ans. It seems to me ‘that they both embody the same principle 
and mode of operation. 

Cross-Int. 83. Please state the difference, if any there be, in 
principle and mode of operation, between the device represented by 
Fig. 6 and that represented by Fig 7, in said patent of 1876. 

Ans. The instruments are similar in the fact that they both pro- 
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duce electrical undulations by the motion of an armature in front of 
the pole of an electro-magnet, and in the fact thit these electrical 
undulations are similar in form to the vibrations of the armatures by 
which they are produced. In this respect they are similar in their 
principle and mode of operation. They differ in the fact that, as I 
have already explained, the apparatus of Fig. 7 is adapted to trans- 
mit vocal or other sounds in general, by producing electrical undula- 
tions similar in form to the air waves accompanying them; whereas 
the apparatus of Fig. 6 is adapted to transmit and reproduce only a 
very limited number of sounds corresponding to the periods of vibra- 
tion of the steel springs. Acoustically there is then this dissim- 
ilarity between the two pieces of apparatus, that one, that repre- 
sented in Fig. 7, is adapted to transmit sounds in general, whereas 
the other, that represented in Fig. 6, is adapted to transmit and 
reproduce only special and quite definite sounds. 

CUross-Int. 84. Please state the difference, if any there be, in 


principle and mode of operation, between the device represented 


a ne 
4 — 


by Fig 5 and that represented by Fig. 7, in said patent of 1876. 

Ans. Inmy opinion the differences between the apparatus shown 
in Fig. 5 and that shown in Fig. 7 are the same as the differences 
between the,apparatus of Fig. 6 and that of Fig. 7; since the appa- 
ratus of Fig. 6 differs from that of Fig. 5 only in the fact that there 
are several spring armatures capable of vibrating in different periods, 
instead of a single spring armature ; so that the former apparatus is 
capable of transmitting a greater number of sounds than the latter, 
though this number is limited by the number of spring armatures 
used. 

Ovoss-Int. 85. What is the difference, if any there be, between 
the device represented in Fig. 6 and the devices represented in Fig. 


5 and Fig. 7, in said patent of 1876, as respects the nature and 


oe 


character of the current which passes along the line wire? 

Ans. The nature and character of the current is in both eases 
undulatory. The differences in the current in the different cases 
mentioned are analogous to and correspond to the differences which 
exist betwen the acoustic vibrations by which these electrical undu- 


lations are produced. 
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Oross- Int. 86. . What is the relation or connection, if any there 


, between the invention, if any there be, which is represented in Fig. 


6, and the invention, if any there be, which is represented in Fig. 7, 


in said patent of 1876? 

Ans. In both devices the receiver is set in vibration by the em- 
ployment of electrical undulations. 

Cross-Int. 87. Please refer to the question, and state if you have 
anything to add to the foregoing answer. 

Ans. So faras I can see, in the light of my preceding answers, 
this statement shows the important relation which exists between the 
two devices, as it states an invention which is employed in both. 
There are, of course, other novel uses of electrical principles common 
to the two, as, for example, the use of a permanent magnet with a 
closed circuit, so that vibrations of an armature shall oceasion elec- 
trical undulations in the circuit. 

Cross-Int. 88. Which, if any, of the drawings attached to the 
said patent of 1576, is the one that, in your opinion, illustrates or 
embodies the fifth claim of said patent? 

Ans. Fig. 7 is the one which especially illustrates the fifth 
claim. 

Cross-Int. 89. What is the part or portion of the specification of 
the said patent of 1876 which, in your opinion, describes or points 
out the subject matter of the fifth claim of said patent? 

Ans. The following portion : — 

“One of the ways in which the armature c, Fig. 5, may be set in 
vibration has been stated above to be by wind. Another mode is 
shown in Fig 7, whereby motion can be imparted to the armature 
by the human nage or by means of a musical instrument. 

The armature c, Fig. 7, is fastened loosely by one extremity to 
the uncovered leg a of the pigeon sonet 6, and its other extremity 
is atiached to the centre of a stretched membrane a. A cone A is 
uscd to converge sound vibr ations upon the membrane. When a 
sound is uttered in the cone the membrane a is set in vibration, the 
armature ¢ is forced to partake of the motion, and thus electrical 
undulations are created upon the circuit Ebefg. These undnla- 
tions are similar in form to the air vibrations caused by the sound ; 
that is, they are represented graphically by similar curves. The 
undulatory current passing through the electro-maguet £ influences 
its armature / to copy the motion of the armature c. A similar 
sound to that uttered into A is then heard to proceed from L.” 
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Please refer to Figs. 5 and 7 of the said patent of 


1876, and name severally and specifically such parts of the devices 


represented in those figures respectively as were, in your opinion and 


belief, new and original with the said patentee at the date of said 


patent, or of the application therefor. 


Ans. In my opinion, the combination of the electro-magnets, 


vibrating armatures, battery 


new; also 


the combination 


and line wire, shown in Fig. 5, was 


of the membranes with the vibrating 


armatures and electro-mignets, battery and line wire shown in Fig. 


7. Ido not rceollect any apparatus in which an electro-magnet, 


armature and membrane were separately combined as shown both in 


the transmitter and receiver of Fig. 7. 


Oross-Int. 


Please refer to the specification of the said patent 


of 1876, and mention specially the several and respective parts of It, 


and of the statements and explanations contained therein, which at 


the date of said patent, or of the application therefor, were in your 


opinion old, or known, or in use; and also the several and respective 


parts of it which were then in yeur opinion new and original, and 


were not theretofore known or used. 


In other words, [ desire you 


clearly to distinguish between what in your opinion is new and what 


is old in said specification. 


Ans. The following statements seem to me to be old: — 


“In Letters Patent granted to me April 6, 1 


75, No. 161,739, I 


have described a method of and apparatus for transmitting two or 


more telegraphic signals simultaneously along a single wire 


by the 


employment of transmitting instruments, each of which oceasions a 
succession of electrical impulses differing in rate from the others; 
and of receiving-instruments, each tuned to a piteh at which it will 
be put in vibration to produce its fundamental note by one only of 


the 


transmitting-instruments ; 
operating to convert the vibratory movement of 


and of vibratory circuit-breakers 


receiving 


instrument into a permanent make or break (as the case may be) of 
a local cireult, in which is placed a Morse sounder, register, or 


other telegraphic apparatus. 


I have also therein deseribed a form 


of autograph telegraph based upon the action of the above-mentioned 


instruments. 


“Tn illustration of my method of multiple telegraphy I have slrown 
in the patent aforesaid, as one form of transmitting instrument, an 


electro-magnet having . 
vibration by the action of a local battery. 


1 steel-spring armature, which is kept in 
This armature in vibrat- 
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Ing makes and breaks the main circuit, producing an intermittent 
current upon the line-wire. I have found, however, that upon this 
plan the limit to the number of signals that can be sent simulta- 
neously over the same wire is very speedily reached ; for, when a 
number of transmitting instruments having different rates of vibra- 
tion are simultaneously making and breaking the same circuit, the 
effect upon the main line is practically equivalent to one continuous 
current. 

“In a pending application for Letters Patent, filed in the United 
States Patent Office, Feb. 25, 1875, I have described two ways 
of producing the intermittent current —the one by actual make and 
break of contact, the other by alternately increasing and diminish- 
ing the intensity of the current without actually breaking the circuit. 
The current produced by the latter method I shall term, for distine- 
tion sake, a ‘pulsatory current.’ ” 

“Intermittent or pulsatory and undulatory currents may be of 
two kinds, accordingly as the successive impulses have all the same 
polarity or are alternately positive and negative.” 


“Tt has long been known that when a permanent magnet is caused 
to approach the pole of an electro-migact a current of electricity is 
induced in the evils of the latter, and thit when it is made to recede 
acurrent of opposite polarity to the first appears upon the wire. 
When, therefore, a permanent magnet is caused to vibrate in front 
of the pole of an electro-mignet an undulatory current of electricity 
is induced in the coils of the electro-magnet, the undulations of 
which correspond, in rapidity of succession, to the vibrations of the 
meenet, in polarity to the direction of its motion, and in intensity to 


“th h amplitude of its vibration. 


“There.are many ways of producing undulatory currents of elec- 
tricity, dependent for effect upon the vibrations or motions of bodies 
capable of inductive action. A few of the methods that may be 
employed I shall here specify. When a wire through which a con- 
tinuous current of electricity is passing is caused to vibrate in the 
neighborhood of another wire, an undulatory current of electricity 
is induced in the latter. When a eylinder upon which are arranged 
bar-magnets is made to rotate in front of the pole of an electro- 
magnet, an undulatory current of electricity is induced in the coils 
of the electro-magnet. 

“Undulations are caused in a continuous veltaie current by the 
vibration or motion of bodies capable of inductive action, or by the 
vibration of the conducting-wire itself in the neighborhood of such 
bodies. Electrical undulations may also be caused: by alternately 
Increasing and diminishing the resistance of the cireuit, or by 
alternately increasing and diminishing the power of the battery. 
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The internal resistance of a battery is diminished by bringing the 
voltaic elements nearer together, and increased by placing them 
farther apart.” 


The following statements are, in my opinion, new : — 

“The advantages I claim to derive from the use of an undulatory a 
current in place of a merely intermittent one are, first, that a very 
much larger number of signals can be transmitted simultaneously 
on the same cireuit ; second, that a closed circuit and single main y 


battery may be used; third, that communication in both directions as 

is established without the necessity of special induction-coils ; fourth, ’ 

that cable-despatches may be transmitted more rapidly than by AP ss 

means of an intermittent current or by the methods at present in = Are. 

use, for, as it is unnecessary to discharge the cable before a new 4 

signal can be made, the lagging of- cable-signals is prevented ; fifth, ie 

and that as the circuit is never broken a spark-arrester becomes \. 

unnecessary.” } : 
© Thus, when electrical undulations of different rates are simultane- 4 “ 

ously induced in the same circuit, an effect is produced exactly anal- “ 


ogous to that occasioned in the air by vibration of the inducing 
bodies. Hence, the coexistence upon a telegraphic circuit of elec- 
trical vibrations of different pitch is manifested, not by the oblitera- 
tion of the vibratory character of the current, but by peculiarities in 
the shapes of the electrical undulations, or, in other words, by i 
peculiarities in the shipes of the curves which represent those undu- 
lations.” 

“The reciprocal vibration of the elements of a battery, therefore,“ 
occasions an undulatory action in the voltaic current.” 


“Tn illustration of the method of creating electrical undulations, J 
shall show and describe one form of apparatus for producing the 
effect. I prefer to employ for this purpose an electro-magnet A, 
Fig. 5, having a coil upon only one of its legs 4. A stecl-spring 
armature c, is firmly clamped by one extremity to the uncovered 
leg d of the magnet, and its free end is allowed to project above 
the pole of the covered leg. The armature ¢ can be set in vibration 
in a variety of ways, one of which is by wind, and, in vibrating, it 
produces a musical note of a certain definite pitch. 

“When the instrument A is placed in a voltaic circuit, g be f 9, 
the armature.c becomes magnetic, and the polarity of its free end is 
opposed to that of the magnet underneath. So long as the arma- 
ture c remains at rest, no effect 1s produced upon the voltaic current ; 
but the moment it 1s set in vibration to produce its musical note, a 


DEPOSITION OF CHARLES R. CROSS. ive 


powerful inductive section takes place, und electrical undulations 
traverse the circuit g be fg. The vibratory current passing through 
the coil of the electro-magnet f causes vibration in its armature / 
when the armatures ¢ A of the two instruments A I are normally in 
unison with one another; but the armature / is unaffected by the 
passage of the undulatory current when the pitches of the two 
instruments are different. 

“A vumber of instruments may be placed upon a telegraphic cir- 
cuit, asin Fig 6. When the arniature of any one of the instruments 
is set in vibration, all the other instruments upon the circuit which 
are in unison with it respond, bat those which have normally a 
different rate of vibration remain silent. Thus if A, Fig. 6, is set 
In vibration, the armatures of Al and A? will vibrate also, but all 
the others on the circuit will remain still. Soif’ B! is caused to 
emit its musical note the instruments B 62 respond. They con- 
tinue sounding so long as the mechanical vibration of Bt is con- 
tinued, but become silent with the cessation of its motion. The 
duration of the sound may be used to indicate the dot or dash of 
the Morse alphabet, and thus a telegraphic dispatch may be indicated 
by alternately interrupting and renewing the sound. When two or 
more instruments of different p:tch are simultaneously caused to 
vibrate, all the instruments of corresponding pitches upon the cir- 
cult are set in vibration, each responding to that one only of the 
transmitting-instruments with which it is in unison. Thus the sig- 
nals of A, Fig. 6, are repeated by A! and A2®, but by no other 
instrument upon the circuit; the signals of B2 by Band B', and the 
signals of C! by C and C? — whether A, B?, and C! are successively 
or simultaneously eaused to vibrate. Hence by these instruments 
two or more telegraphic signals or messages may be sent simulta- 


~ neously over the same circuit without interfering with one another. 


"T desire here to remark that there are many other uses to which 
these instruments may be put. such as the simult neous transmission 
of musical notes, differing in loudness as well as in pitch, and the 
telegraphic transmission of noises or sounds of 2 any kind. 

“When the armature c, Fig. 5, is set in vibration the armature 
A vesponds not only in pitch but in loudness. Thus, whence vibrates 
with little amplitude, a very soft musical note proceeds from 2; and 
when ¢ vibrates forcibly, the amplitude of the vibration of 2 is con- 
siderably increased, and the resulting sound becomes louder. So, if 
A and b, Fig. 6, are sounded simultaneously (A loudly and B 
softly), the instruments A! and A2 re peat loudly the signals of A, and 
BIB repeat softly those of Bb. 

“One of the ways in which the armature c, Fig. 5, may be set in 
Vibration has been stated above to be by wind. Another mode is 
shown in Fig. 7, whereby motion can be imparted to the armature 
by the human voice or by means of a musical instrument. 

“The armature c, Fig. 7, is fastened loosely by one extremity to 


Pee 


a a 


ceieie oe ne we — 
i ee 


Sp Oe BAS LEA 2 cl 


1.4 EVIDENCE FOR COMPLAINANTS. 


the uneovered leg d of the electro-maguet 6, and its other extrem- 
ity is attached to the centre of a stretched-membrane, a. A cone, 
A, is u-ed to converge sound-vibrations upon the membrane. When 
a sound is uttered in the cone the membrane @ is set in vibration, 
the armature c is forced to partake of the motion, and thus electrical 
undulations are created upon the circuit E be fg. These undulations 
are similar in form to the air vibrations caused by the sound —that 
is, they are represented graphically by similar curves. The undu- 
latory current passing through the electro-magnet / Influences its 
armature 2 to copy the motion of the armature c. A similar sound 
to that uttered into A is then heard to proceed from L. 

“Tn this specification the three words ‘ oscillation,’ ‘ vibration,’ 
and ‘undulation’ are used synonymously, and in contradistinction 
to the terms ‘intermittent’ and ‘pulsatory.’ By the term ‘ body 
capable of inductive action,’ I mean a body which, when in motion, 
produces dynamical electricity. IT inelude in the category of bodies 
capable of inductive action, brass, copper, and other metals, as well 
as iron and steel.” 

The matter contained in the following statements as a whole I have 
not seen formally stated in any publication previous to Mr. Bell’s 
patent, although most of the facts stated were a part of the common 
stock of scientific knowledge to the extent that a scientific man would 
have been able to make these statements if the questions involved 
had arisen in his mind. 


“ The electrical movement, like the aerial motion, can be represented 
by a sinusoidal curve or by the resultant of several sinusoidal 
curves.” 

“That the difference between an undulatory and an intermittent 
current may be more clearly understood, I shall describe the condi- 
tion of the electrical current when the attempt is made to transmit 
two musical notes simultaneously — first upon the one plan, and then 
upon the other. Let the interval between the two sounds be a 
major third; then their rates of vibration are in the ratio of 4 to 5. 
Now, when the intermittent current is used, the circuit is made 
and broken four times by one transmitting instrument in the same 
time that five makes and breaks are caused by the other. A and B, 
Figs. 1, 2, and 3, represent the intermittent currents produced, four 
impulses of B being made in the same time as five impulses of A. 
ccc, ete., show where and for how long time the circuit is made, 
and dd d, ete., indicate the duration of the breaks of the circuit. 
The line A and B shows the total effect upon the current when the 
transmitting instruments for A and B are caused simultaneously to 
make and break the same circuit. The resultant effect depends very 
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much upon the duration of the make relatively to ae break. 
Fig. 1 the ratio is as 1 to 4; in Fig. 2, as 1 to 2, and in Fig. 3 the 
makes and breaks are of equal duration. The pat effect, A 
and B, Fig. 3, is very nearly equivalent to a continuous current. 

“When many transmitting instruments of different rates of vibra- 
tion are simultaneously making and breaking the same circuit, the 
current upon the main line becomes for all practical purposes con- 
tinuous. 

* Next consider the effect when an undulatory current is employed. 
Electrical undulaticns, induced by the vibration of a body capable 
of inductive action, can be represented graphically without error, by 
the same sinusoidal curve which expresses the vibration of the in- 
ducing body itself, and the effect of its vibration upon the air; 
for as above stated, the rate of oscillation in the electrical current 
corresponds to the rate of vibration of the inducing: body — that Is, 
tothe pitch of the sound produced. The intensity of the current 
varies with the amplitude of the vibration — that is, with the loud- 
ness of the sound; and the polarity of the current corresponds to 
the direction of the vibrating body — that is, to the condensitions 
and ravrefactions of air pro luced by the vibration, Hence, the sinn- 
soidal curve A or b, Fig. 4, represeuts graphically the electrical un- 
dulations induced in a cireuit by the vibrition of a body etpable of 
inductive action. 

“The horizontal line ade Ff, ete., represents the zero of current. 
Tae elevations 66 6, ete , inlicite im>ilses of positive electricity. 
The depressions ¢ ¢ c, ete., show impulses of negative electricity. The 
vertical distance 6 d or ¢ f of any portion of the curve from the 
zero-line expresses the Intensity of the positive or negative impulse 
uit the part observed, and the horizontal distance @ a indicates the 
duration of the electrical oscillation. The vibrations represented 
by the sinusoidal curves B and A, Fig. 4, are in the ratio aforesaid, 
of 4 to 5,—that is, four oscillations of B are made in the same time 
us five oscillations of A. 

“The combined effect of A and B, when induecd simultaneously 
on the same circuit, is expressed by the curve A + B, Fig. 4, which 
is the aloebraical sum of the sinusoidal curves A and B. This 
curve A + B also indicates the actual motion of the air when the 
two musical notes considered are sounded simultaneously.” 

“The external resistance may al-o be varied. For instance, let 
mereury or some other liquid form part of a voltaic circuit, then the 
more deeply the conducting wire is immersed in the mercury or 
other liquid the less resistance does the liquid offer to the passage of 
the current. Hence, the vibration of the conducting wire in mer- 
cury or other liquid ircluded in the circuit oceasions undulations in 
the current. The vertical vibrations of the elements of a battery 
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in the liquid in which they are immersed produces an undulatory 
action in the current by alternately increasirg and diminishing the 
power of the battery.” 

Cross-Int. 92. Referring to the fifth claim of said patent of 
1876, will you please describe the “ method ” which you understand 
to be therein referred to, and also point out the parts of the speci- 
fication which set forth and describe said “ method,” and state also 
in what sense you use the word “ method”? 

Ans. I understand the method of transmitting vocal or other 
sounds telegraphically, which is referred to in the fiith claim, to be 
the securing of this result by the use of electrical undulations sim- 
ilar in form to the vibrations of the air accompanying the vocal or 
other sounds which are thus transmitted. For the complete expla- 
nation of the methed almost the whole body of the specification 
must be consulted. I use the word “method” as indicating the 
fundamental and necessary means by which the desired result of 
transm tting vocal or other sounds telegraphically by causing elec- 
trical undulations similar in form to the vibrations of the air accom- 
panying them is secured, as independent of any particular form of 
apparatus which may be used. 

Cross-dnt. 93. Please describe the “apparatus ” which you un- 


derstand to be referred to in the said tifth claim in said patent of 


1876, and also point out the parts of the specification which set * 


forth and describe said “apparatus.” 

Ans. That specific form of the apparatus which is referred to in 
the fifth claim is described in the following paragraph of the spe- 
cifications : — 


“The armature c, Fig. 7, is fastened loosely by one extremity to 
the uncovered leg d of the electro-magnet 6, and its other extrem- 
ity is attached to the centre of a stretched membrane a. A cone, 
A, is used to converge sound vibrations upon the membrane. When 
a sound is uttered in the cone, the membrane @ is set in vibration, 
the armature ¢ is forced to partake of the motion, and thus electrical 
undulations are created upon the circuit Ebe fg. These undulations 
are similar in form to the air vibrations cau-ed by the sound — that 
is, they are represented graphically by similar curves. The undu- 
latory current passing through the electro-magnet f influences its 
armature 2 to copy the motion of the armature c. A. similar sound 
to that uttered into A is then heard to proceed from L.” 
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The specific form of the apparatus may, however, be very 
considerably varied, but if it transmitted vocal or other sounds tel- 
egraphically, by producing electrical undulations similar in form to 
the air waves accompanying the sounds, I should understand it to 
be an apparatus implicitly referred to ia the claim. 

Cross-Int. 94. What do you understand to be the meaning and 
force of the word “ telegraphically ” as used in the expression “ trans- 
mitting vocal or other sounds telegraphically,” in the fifth cluim of 
snid patent of 1876? 

Ans. J understand that the sounds are to be transmitted from 
one place to another by means of such a line as is ordinarilly called 
“a telegruph line.” 

Cross-Int. 95. Said fifth claim speaks of “ causing electrical un- 
dulations.” In what do you understand the undulations are to be 
caused ? 

Ans. Electrical undulations will be produced in every part of the 
circuit. | 

Cross-Jnt. 96. State in what way or by what means, according 
to the language used in the specification, as you understand it, the 
undulations mentioned in the fifth claim of the said patent of 1876 
are to be caused, and refer to the language of the specification set- 
ting forth such way or means. 

Ans. There are a number of ways in which the electrical undu- 
lations may be produced. One way in which the induetive effect of 
a vibrating armature is employed is described fully, so far as the 
mere production of the undulations is concerned, in the following 
paragraphs :— | 

“Tn illustration of the method of creating electrical undulations, I 
shill show and describe one form of apparatus for producing the 
effect. I prefer to employ for this purpose an electro-magnet, A, 
Fig. 5, having a coil upon only one of its legs 6. <A steel-spring 
armature ¢ is firmly clamped by one extremity to the uncovered 
leg d of the magnet, and its free end is allowed to project above the 
pole of the covered leg. The armature ¢ can be set in vibration in 
a variety of ways, one of which is by wind, and, in vibrating, it pro- 
duces a musical note of a certain definite pitch. 

* When the instrument A is placed ina voltaic circuit, 7 6 ef g, the 


armature c becomes magnetic, and the polarity of its free end is 
opposed to that of the magnet underneath. So long as the armature 
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c remains at rest, no effect is produced upon the voltaic current ; but 
the moment it is set in vibration to produce its musical note, a power- 
ful inductive action takes place, and electrical undulations traverse 
the circuit g be fg. The vibratory current passing through the coll 
of the electro-magnet f causes vibration in its armature 2 when the 
armatures ch of the two instruments A I are normally in unison 
with one another; but the armature 2 is unaffected by the passage 
of the undulatory current when the pitches of the two instruments 
are different.” 

That these undulations may be produced by the voice, as referred 
to especially in the fifth claim, the vibrations of the armature must, 


of course, he produced by and correspond to the air vibrations pro- 


duced by the voice. A mode of doing this is described in the fol- 


lowing paragraph : — 


“The armature c, Fig. 7, is fastened loosely by one extremity to the 
uncovered leg d of the electro-magnet 6, and its other extremity is 
attached to the centre cf a stretched membrane a. A cone, A, is 
uscd to converge sound vibrations upon the membrane. Whena 
sound is uttered in the cone the membrane @ is set in vibration, the 
armature ¢ is forced to partake of the motion, and thus electrical 
undulations are created upon the circuit Ebefg. These undula- 
tions are similar in form to the air vibrations caused by the sound ~— 
that is, they are represented graphically by similar curves. The 
undulatory current passing through the electro-magnet / influences 
its armature # to copy the motion of the armature c. A similar 
sound to that uttered into A is then heard to proceed from L.” 


I do not understand, however, that the patentee limits himself to 
any specific mode of producing electrical undulations; and in the 
following paragraphs he indicates several ways in which clectrical 
undulations in general can be produced : — 


“There are many ways of producing undulatory currents of elec- 
tricity, dependent for effect upon the vibrations or motions of bodies 
capable of inductive action. A few of the methods that may be em- 
ployed I shall here specify. When a wire, through which a con- 
tinuous current of electricity is passing, is caused to vibrate in the 
neighborhood of another wire, an undulatory current of electricity is 
induced in the latter. When a cylinder, upon which are arranged 
bar magnets, is made to rotate in front of the pole of an electro- 
magnet, an undulatory current of electricity is induced in the coil 
of the electro-maguet. 

“Undulations are caused in a continuous voltaic current by the 
vibration or motion of bodies capable of inductive action, or by the . 
vibration of the conducting wire itself in the neighborhood of such 
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bodies. Electrical undulations may also be caused by alternately 
increasing and diminishing the resistince of the circuit, or by alter- 
nately increasing and diminishing the power of the battery. The 
internal resistance of a battery is diminished by bringing the voltaic 
elements nearer together, and increased by placing fhem farther 
apart. The reciprocal vibration of the elements of a battery, there- 
fore. occasions an undulatory action in the voltaic current. The 
external resistance may also be varied. For instance, let mercury 
or some other liquid form part of a voltaic circuit; then the more 
deeply the conducting wire is immersed in the mereury or other 
liquid the less resistance does the liquid offer to the passage of the 
current. Hence, the vibration of the conducting wire in mereury or 
other liquid included in the circuit occasions undulations in the cur- 
rent. ‘The vertical vibrations of the elements of a battery in the 
liquid in which they are immersed produces an undulatory action in 
the current by alternately increasing and diminishing the power of 
the battery.” 


If the moving parts, by means of whose vibration the electrical 
undulations are produced, are actuated by vocal or other sounds 


and are employed to transmit these sounds telegraphically, using 
the method referred to in the fifth claim, they will produce elec- 
trical undulations similar to the air waves accompanying them. I 
should consider any particular manner in which this was done as 
one of the ways in which the undulations mentioned in the fifth 


claim might be caused. 

Oross-Int. 97. In your examination in chief you have quoted 
from Helmholtz as follows: “Every different quality of tone requires 
a different form of vibration” (p. 32). State whether the words 
thus quoted by you are a part of a sentence, the whole of which is 
as follows :— 

“Tt will be shown to be so far correct that every different quality 
of tone requires a different form of vibration; but on the other 
hand it will also appear that different forms of vibration may cor- 
respond to the same quality of tone.” 


Ans. They are. 
45 
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Direct Examination resumed by Cuauncey Suita, Esq., of Counsel 
Jor Complainants. 


Int. 98. Will you explain briefly the meaning of those two state- 
ments in Helmholtz, or the physical facts referred to by them? 

Ans. The meaning of the first statement, that every different qual- 
ity of tone requires a different form of vibration, will be clear if we 
eonsider the compound periodic curve which results from the super- 
position of a number of elementary sinusoidal curves as shown in the 
figure given in my answer to Int. 11. If the curves are drawn as 
there shown, the compound curve can have only a definite shape or 
form as apparent to the eye; if this compound curve represents an 
acoustic vibration the quality of the sound produced by that vibration 
will be definite and fixed. No other quality of sound could possibly 
be produced by vibrations represented by the same curve. Let us 
suppose, however, that some of the sinuous lines at @ 6 in that 
figure were slid horizontally along a 6. This lateral sliding would 
correspond to what is called “a change of phase,” among the vibra- 
tions, and such changes are constantly occurring among the partial 
tones constituting a musical sound. It is evident that if we were to 
construct a compound resultant curve, having made this change in 
the components, it would present to the eye a different appearance, 
and in this sense the curve or the vibration representing it would 
have a different form. The compound curve would, however, as 
before, be a resultant of the combination of the same elementary 
curves, and the quality of sound due to the vibration represented by 
the complex curve would be the same as before, since the partial 
tones into which the complex sound is resolved and on which its 
quality depends are the same in both cases, being represented by the 
same elementary sinusoidal curves. The only difference among the 
vibrations themselves is what is called “a difference in phase,” which 
phase difference has no influence, or at least no material influence, on 
the quality of the sound. It appears from this that two curves 
which present very different appearances to the eye may neverthe- 


less represent the same quality of sound, since they are composed of 


; ) 


the same component curves. This is explained at length in the 
work of Helmholtz on-pp. 46-55. 
Ini. 99. Would it be true in both cases thatthe forms ofthe 
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curves representing the sounds graphically would each correspond 
with the actual vibrations w'” 2 produced the sound? 

Ans. It would. 

[ lt as stipulated that .47. Roberts may further ecamine Prof. Cross 
if he shall so desire after reading that portion of the cross examina- 
tion which has been taken in his absence. | | 


CHAS. R. CROSS. 
Attest: Cuas. H. Swan, Special Hxaminer. 


Boston, Jan. 9, 1885. 
CuHarLes R. Cross, recalled by Mr. Roperts. 


Int. 100. I desire to call your attention to Cross-Int. 91, and the 
answer thereto. Will you state bricfly the circumstances under which 
that answer was made, and whether you desire to correct any por- 
tion of the same. 

Ans. The answer referred to was madein a more hurried manner 
than was desirable, owing to the fact that Mr. Sheppard was anxious 
to close the examination in season to take an early train, therefore 
at his request Instead of reading from the specification I indicated 
the paragraphs which were to be classified, by marking with a pen 
along the margin of a Patent Office copy of the patent. The para- 
graph immediately preceding the claim, and beginning, “In this 


? 


specification the three words,” etc., was inadvertently marked as 
belonging with the new matter. This dves not belong to those para- 
graphs, and I had not intended to make any reference to it, inasmuch 
as it simply defines the sense in which certain terms are used in the 
specification. The paragraph would bave been omitted by me if I 
had been present at the time when the examiner made up his record. 


CHAS. Rk. CROSS. 


Attest: Cnas. H. Swan, Special Examiner. 
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Boston, Jan. 9, 1885. 
DEPOSITION OF WILLIAM C. TOMPKINS. 


Direct Examination by Grorce L. Roperts, Esq., of Counsel for 
Complainants. 


Int. 1. State your name, age, residence, and occupation. 

ans. Wiliam C. Tompkins; I am forty-one years old; I live in 
Boston, and am in the employ of the American Bell Telephone Com- 
pany. 

Int. 2. What is the nature of your duties in connection with the 
American Bell Telephone Company, and what familiarity have you 
acquired with the construction of telephonic instruments ? 

Ans. My duties are especially in connection with the discovery 
and prosecution of infringements on the company’s patents. I have 
been engaged in this work about four years, and my duties have 
necessitated an acquaintance with telephonic apparatus of all kinds. 

Int. 3. If you obtained any knowledge of the acts of the 
defendant company prior to April 24, 1884, relating to the manufac- 
ture and use of telephones, please state what it was and when 
obtained. 

Ans. In January, 1884, I learned of the incorporation of the 
defendant company, and obtained from the Secretary of State of New 
Jersey a certified copy of their certificate of incorporation, which 
copy I now have in my possession and here produce. Shortly after 
this I learned that the said company had established an office in 
Philadelphia. In the latter part of February, 1884, I called at their 
said office, which was located at 1017 Chestnut Street, Philadelphia, 
Penn. On the doors of the offices were painted the names of the 
company and of its officers. At that time and place I had an inter- 
view with a gentleman who stated that he was the secretary of said 
company. In reply to inquiries made by me he said that the com- 
pany were going ahead at once to put out telephones; that they 
should establish an exchange at once in Philadelphia, and were then 
ready to furnish telephones for private lines. In compliance with 
my desire to be shown the instruments which they intended offering 
the public, he showed me two set of telephones which were fastened 
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to the wall and connected up in apparent condition for use. He 
said they were connected with two private lines, one of which ran to 
the shop of the company in West Philadelphia, and the other to 
some point which I have forgotten. With his permission I carried 
on a conversation over the line running. to the shop with some party 
at that point, to me unknown, and found the instruments adapted 
for conversational purposes. 

Later, on the same day, I called at the shop of the company in 
West Philadelphia, to which I have made reference as being con- 
nected with the office by telephone. I there saw and had a conver- 
sation with Mr. Henry Clay, the patentee of certain special devices 
shown in the defendants’ instruments. Mr. Clay made substantially 
the same statement as to the plans of the company as had previ- 
ously been made to me by the secretary. He was at work upon a 
switch board, which he informed me was intended for their Philadel- 
phia telephone exchange. I saw at such shop a set of telephones 
attached to the wall, connected up in an apparent condition for use ; 
also saw various parts of the said instrument lying upon the bench 
in cvurse of manufacture. These instruments, as well as those I 
had seen at the office of the company, were identical, in all respects, 
with Exhibit Defendants’ Transmitter and Exhibit Defendants’ 
Receiver now shown me, and marked as exhibits in this cause. 

In the latter part of February or first part of March, 1884, I had 
an interview, in Philadelphia, with Mr. James A. Palmer, the gen- 
eral superintendent of the defendant company, who informed me 
that the company were then at work constructing a telephone ex- 
change, and that they had rented for that purpose the upper portion 
of the building located at the southwest corner of Third and Chest- 
nut Streets, Philadelphia. I went to this building and ascertained 
that his statements in this respect were true, workmen being then 
engaged in erecting fixtures for a telephone exchange. In the first 
week of March, I learned through the subscribers to the Bell Tele- 
phone Exchange, in Philadelphia, that the defendant company had 
issued and were distributing a circular and a blank form of contract, in 
which they solicited subscriptions to their telephone exchange there- 
after to be established. I now produce a copy of said circular and 
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blank form of contract, which eame into my possession on or about 
the eleventh day of March, 1884. 

On the twenty-third day of April, 1884, I visited the office of 
Gregg Brothers, 18 South Front Street, Philadelphia. I there saw 
attached to the wall, in apparent condition for use, a set of tele- 
phones identical with those I had previously seen at the office and 
shop as above specified. I had a conversation with a gentleman in 
the office, who informed me that he was a Mr. Gregg, of said firm, 
in which he informed me that the said telephones were procured 
from the Clay Commercial Telephone Company, and they were on a 
private line connecting his office with the office of Collis & Levy, 
brokers, 188 South Third Street, Philadelphia. He allowed me to 
talk over the line, and I[ earried on a short conversation with some 
person at Collis & Levy’s, who responded to my call. On the 
transmitter were stamped the following words and figures : — 

“CLay PATENTS 
1883 
PROPERTY OF 
CLAY COMMERCIAL 
5 
TELEPHONE Co.” 

I then went to the office of Collis & Levy, where I saw fastened 
to the wall a set of telephones like those I had seen at Gregg 
Brothers. I asked permission to talk with Gregg Brothers over the 
line, but was not allowed to do so. 

[ Counsel for complainants puts in evidence the certified copy of the 
certificate of incorporation of the Clay Commercial Telephone Com- 
pany produced by this witness, and the same is marked “ Exhibit 
Defendants’ Certificate of Incorporation; ” also the circular produced 
by this witness, which is marked “ EKxhibit Defendants’ Circular” : 
and also the blank form of contract produced by the witness which is 
marked “ Bahibit Defendants’ Contract Blank.” ] 

W. C. TOMPKINS. 

Attest: CHas. H. Swan, Special Examiner. 


a 
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EXHIBIT DEFENDANTS’ CERTIFICATE OF INCORPORATION, 
Cc. H. S., SPECIAL EXAMINER. 
CERTIFICATE OF INCORPORATION OF THE CLAY COMMERCIAL 
TELEPHONE COMPANY. 


Know all men by these presents, that we, George W. Bratton, 
Alonzo P. Douglass and Samuel P. Godwin, do hereby associate 
ourselves into a company, and being desirous of becoming incor- 
porated (having formed said company for such purpose) under the 
act of the Legislature of New Jersey, entitled, An Act concerning 
corporations, approved the seventh day of April, eighteen hundred 
and seventy-five, and the several supplements to and acts amenda- 
tory of said act, do make, sign, and acknowledge this certificate in 
writing, and we do hereby certify : — 

lst. First. That the name which we have assumed to designate 
such company, and to be used in its business and dealings, is the 
“Clay Commercial Telephone Company.” 

2nd. Second. ‘That the place in this State where the business of 
said company is to be conducted is at No. 2111 Market Street, in the 
city of Camden, Camden County, New Jersey. The principal part 
of the business of said company within this State is to be transacted 
at Camden, in the county of Camden, New Jersey, and the places 
out of the State where the same is to be conducted are the other 
States of the United States and its Territories. 

And that the object for which this company is formed is the pur- 
chase of the patents of Henry Clay for telephony, and the establish- 
ment of telephone stations, sub-stations, automatic exchange systems, 
and the building of cable lines and wires for aerial and underground 
telephony, and to procure, own and sell various electrical apparatus, 
machinery and plant used in connection therewith, and to dispose of 
licenses under the same, with the right to acquire, hold, dispose of 
and sell such property, real, personal and mixed, as may be requi- 
site or necessary to use in such business or in connection therewith. 

3rd. Third. That the total amount of the capital stock of said 
company shall be two million five hundred thousand dollars ($2,500,- 
AE OE etc, tals = caeatiedaial 
in, with which said company shall commence business, shall be one 
thousand dollars ($1,000). That the capital stock shall be divided 
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into fifty thousand shares (50,000) of fifty dollars ($50) each, asd 
the par value of exch share shall be fifty dollars ($50). 

4th. Fourth. That the names and residences of the stockholders 
and the number of shares held by each are as follows: — 

George W. Bratton, Philadelphia, ten (10) shares. 

Alonzo P. Douglass, Philadelphia, five (5) shares. 

Samuel P. Godwin, Philadelphia, five (5) shares. 

5th. Fifth. The period at which said company shall commence its 
business shall be the 21st day of November, eighteen hundred and 
eighty-three, and terminate its business on the 21st day of November, 
nineteen hundred and thirty-three. 

In witness whereof, we have hereunto set our hands and seals this 
20th day of November, in the year of our Lord eighteen hundred 
und eighty-three. 

GEORGE W. BRATTON.  [t. s.] 
ALONZO P. DOUGLASS. [L. s.] 
SAM’L. P. GODWIN. [L. 8.] 


Signed, sealed and delivered in the presence of 


SAMUEL L. Taytor, 
Geo. L. CRAWFORD. 


STATE OF PENNSYLVANIA, 
CouNTY OF PHILADELPHIA, SS. 


Be it remembered that on this 20th day of November, A. D. 
1883, before me, the subscriber, a commissioner of deeds, etc., for 
the State of New Jersey, here resident and duly appointed and 
qualified, personally appeared George W. Bratton, Alonzo P. Doug- 
lass and Samuel P. Godwin, who I am satisfied are the persons 
named in and who executed the foregoing certificate, and I having 
first made known to them the contents thereof, they did each 
acknowledge that they signed, sealed and delivered the same as 
their voluntary act and deed, all of which is hereby certified. 

[L. Ss. ] ee SAMUEL L. TayLor, 


ray iA 
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STATE OF PENNSYLVANIA, 
COUNTY OF PHILADELPHIA, SS. 


Be it remembered that on this 20th day of November, A. D. 
1883, before me, the subscriber, a commissioner of deeds, etc., for 
the State of New Jersey, here resident and duly appointed and qual- 
ified, personally appeared George L. Crawford, who, being by me 
duly sworn, on his oath did depose’ and say that he saw George W. 
Bratton, Alonzo P. Douglass and Samuel P. Godwin sign, seal 
and deliver the foregoing certificate as their voluntary act and deed, 
and that deponent at the same time subscribed his name thereto as a 
witness to the execution thereof. 


GEORGE L. CRAWFORD. 


Sworn to and subscribed this twentieth day of November A. D. 
1883. 
[L. 8. ] SAMUEL L. TayLor, 
Commissioner for New Jersey. 


| ENDORSED. | 


Received Nov. 21st, 1883 and recorded in the Clerk’s Office of Cam- 
den County at Camden, in Book No. 2 of Corporations, page 334, 


etc. 
Jos. C. HoLuinsHeaD, Clerk. 


STATE OF NEW JERSEY, 
DEPARTMENT OF STATE. 


I, Henry C. Kelsey, Secretary of State of the State of New Jer- 
sey, do hereby certify, that the foregoing is a true copy of Certifi- 
cate of Incorporation of the Clay Commercial Telephone Company, 
as the same is taken from and compared with the original filed 
November 22nd, 18838, now remaining on file in my office. 

In testimony whereof, I have hereunto set my hand and affixed 
my Official seal, at Trenton, this twenty-fourth day of January, A. D. 
1884. 

[SEAL | (Signed) Henry C. Ketsey, 
Secretary of State. 
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into fifty thousand shares (50,000) of fifty dollars ($50) each, ard 
the par value of each share shall be fifty dollars ($50). 

4th. Fourth. That the names and residences of the stockholders 
and the number of shares held by each are as follows: — 

George W. Bratton, Philadelphia, ten (10) shares. 

Alonzo P. Douglass, Philadelphia, five (5) shares. 

Samuel P. Godwin, Philadelphia, five (5) shares. 

5th. Fifth. The period at which said company shall commence its 
business shall be the 21st day of November, eighteen hundred and 
eighty-three, and terminate its business on the 21st day of November, 
nineteen hundred and thirty-three. 

In witness whereof, we have hereunto set our hands and seals this 
20th day of November, in the year of our Lord eighteen hundred 
und eighty-three. 

GEORGE W. BRATTON.  [t. s.] 
ALONZO P. DOUGLASS. [L. s.] 
SAML. P. GODWIN. [L. 8. ] 


Signed, sealed and delivered in the presence of 


SAMUEL L. Tay tor, 
Geo. L. CRAWFORD. 


STATE OF PENNSYLVANIA, 
CouUNTY OF PHILADELPHIA, SS. 


Be it remembered that on this 20th day of November, A. D. 


* 
1883, before me, the subscriber, a commissioner of deeds, etec., for 
the State of New Jersey, here resident and duly appointed and 
qualified, personally appeared George W. Bratton, Alonzo P. Doug- 


lass and Samuel P. Godwin, who I am satisfied are the persons 
named in and who executed the foregoing certificate, and I having 
first made known to them the contents thereof, they did each 
acknowledge that they signed, sealed and delivered the same as 
their voluntary act and deed, all of which is hereby certified. 

[L. Ss. ] SAMUEL L. Taytor, 
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STATE OF PENNSYLVANIA, 
COUNTY OF PHILADELPHIA, SS. 

Be it remembered that on this 20th day of November, A. D. 
1883, before me, the subscriber, 2 commissioner of deeds, etc., for 
the State of New Jersey, here resident and duly appointed and qual- 
ified, personally appeared George L. Crawford, who, being by me 
duly sworn, on his oath did depose and say that he saw George W. 
Bratton, Alonzo P. Douglass and Samuel P. Godwin sign, seal 
and deliver the foregoing certificate as their voluntary act and deed, 
and that deponent at the same time subscribed his name thereto as a 


witness to the execution thereof. 


GEORGE L. CRAWFORD. 


Sworn to and subscribed this twentieth day of November A. D. 


1883. 
[L. S. ] SAMUEL L. TAyYLor, 


Commissioner for New Jersey. 


[ ENDORSED. | 
Received Nov. 21st, 1883 and recorded in the Clerk’s Office of Cam- 
den County at Camden, in Book No. 2 of Corporations, page 334, 


etc. 
Jos. C. HouuinsHeapd, Clerk. 


STATE OF NEW JERSEY, 
DEPARTMENT OF STATE. 


I, Henry ©. Kelsey, Secretary of State of the State of New Jer- 


sey, do hereby certify, that the foregoing is a true copy of Certifi- 


cate of Incorporation of the Clay Commercial Telephone Company, 
as the same is taken from and compared with the original filed 
November 22nd, 1883, now remaining on file in my office. 

In testimony whereof, I have hereunto set my hand and affixed 
my Official seal, at Trenton, this twenty-fourth day of January, A. D. 
1884. 

[SEAL | (Signed) Henry C. KEtsey, 

Secretary of State. 
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EXHIBIT DEFENDANTS’ CIRCULAR, C. H. S., SPECIAL 
EXAMINER. 
CLAY COMMERCIAL TELEPHONE CO. 

Tue Cray ComMERCIAL TELEPHONE Co. is chartered by the State 
of New Jersey, and has ample capital to prosecute its work. 

The Company claims for its instruments simplicity of construction, 

_ giving additional power, distinct articulation, automatic disconnec- 
tion with central office, and absolute privacy. 

The Board of Directors is composed of active and well-known 
business men of Philadelphia who have invested their money in the 
enterprise, and their names are sufficient guar.ntee that the business 
of the Company will be pushed with energy and vigor. 

The Company also claims, by reason of the greater advantages 
possessed by them, to be able to furnish a much cheaper and more 
reliable telephone service than has been heretofore accomplished. 

Several Exchanges will shortly be opened, and they solicit the 
privilege of placing their instruments on 30 days’ trial in the offices 
of reliable and responsible firms or individuals with the understand- 


ing, that if entirely satisfactory, a contract can be made for one year. 


RATES. 
WITHIN A MILE OF ANY EXCHANGE. 
Business Houses (special wire) _. : : $80 00 per year. 
Lawyers and Physicians (special wire) . . 65 OO +s 
Residences (three on a wite) . . ; : 00 00 *¢s 


For distances exceeding a mile at rate of $40 per mile. 


PAYABLE QUARTERLY IN ADVANCE. 


LOSS OF SERVICE. 
Twenty-four hours after notice of same has been given in writing, 
a rebate will be made for eich and every day that service is delayed, 
and the amount deducted from the next quarterly bill. 
Estimates for Private Lines and any desired information will be 
cheerfully furnished at the office of the Company. 
JAMES A. PALMER, 


General Supt. 
No. 1017 CuestnuT STREET, 


PHILADELPHIA, Pa, 
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CLAY COMMERCIAL TELEPHONE CO., 


GENERAL OFFICE, 


SHAKESPEARE BUILDING, 


1017 CHESTNUT STREET, PHILADELPHIA. 


OFFICERS. 
JOHN C. SCOTT ' President. 
JAMES McMILLEN . Vice-President. 
GEORGE W. BRATTON . ; . General Manager. 
SAMUEL P. GODWIN . Treasurer. 
A. P. DouGLass . p . Solicitor. 
W. Harrison Gopwin , . Secretary. 


Electrician. 


Henry Cuay. 


Counsel. 


W. W. Ker. FURMAN SHEPPARD. 


BOARD OF DIRECTORS. 


JOHN C. SCOTT, JOHN MARSTON, JR. THOMAS C. ELSE, 
GEORGE W. BRATTON, JAMES MCMILLEN, JAMES McC. CREIGHTON. 
JOHN T. BAILKY, SAMUEL P. GODWIN, JOSEPH WRIGHT. 


BANK OF DEPOSIT AND REGISTRAR OF STOCK. 
GUARANTEE TRUST AND SAFE DEPOSIT CO. 
Nos. 316, 318, AND 320 CHESTNUT STREET, 


PHILADELPHIA, Pa. 
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EXHIBIT DEFENDANTS’ CONTRACT BLANS, C,H.5S., SPECIAL 
EXAMINER. 
PHILADELPHIA, March, 1884. 
We, the undersigned, hereby request the Clay Commercial Tele- 
phone Co., to place in our offices their instruments, and to connect 
same with their exchange system, with the understanding that if 
their service is satisfactory on thirty days’ trial, we will contract for 


Telephone service for one year, at the rate of $ , within a mile 


of their exchange. 


Dear Sir: 
If the above should meet with your approval, please sign 
and return, and oblige, 
Respectfully, 
JAMES A. PALMER, 
General Supt. 


MATTER OFFERED IN EVIDENCE BY COUNSEL FOR 
COMPLAINANTS DURING THE TAKING OF PROOFS 
FOR DEFENDANTS. 


(See Deyendants’ Proofs, p. 89.) 


GENERAL Report OF JUDGES OF CENTENNIAL EXHIBITION, 
Group AXV. (pp. 20, 21.) 


| Dolbear Record, pp. 93, 94. | 


THE ELECTRIC TELEPHONE AND MULTIPLE TELEGRAPH, . 


“The idea of transmitting sounds to a distance by means of elec- 
trical currents has been for several years before the world, and the 
idea of extension of this to telegraphy was evident, though no one 
had thought it could lead to practical results. But the idea of a 
multiple electrophonie telegraph transmitting simultaneously several 
ditferent musical notes for the simultaneous transmission of different 
messages by one wire, is an invention of high scientific character 
promising admirable practical results. For the honor of this inven- 
tion there are two claimants, Mr. Elisha Gray, of Chicago, Illinois, 
and Mr. Alexander G. Bell, of Salem, Massachusetts. These in- 
ventions are independent of one another and different in the method 
of producing the result. In the telegraph of Mr. Gray several 
series of waves or impulses are simultaneously transmitted through 
a single wire. ‘These impulses are excited by interruptions in the 
current produced by tunine-forks of different pitches, and excite, at 
the farther extremity of the line, corresponding variations in tuning- 
forks of the same pitch. - Thus, if four or five tuning-forks are 
vibrated at the same time at one end of the line, each will excite 
vibrations in its corresponding fork at the other end without atfect- 
ing the other forks. The exhibitors of this telegraph inform the 
judges that they are now able to equip lines for actual business with 
a capacity for carrying, through one wire, eight messages simultane- 
ously, and there is no reason why the number may not be increased 
to sixteen. This telegraph may be made self-recording, or may be 
worked forward by relays through greater lengths of line than the 
insulation allows in one circuit. . 

“The telephone of Mr. Bell aims at a still more remarkable re- 
sult, — that of transmitting audible speech through long telegraphic 
lines. In the improved instrument the result is produced with strik- 
ing effect, without the employment of an electrical current other 
than that produced by the mechanical action of the impulse Jt the 
breath as it Issues from the lungs in producing articulate sounds. 
To understand this wonderful result, suppose a plate of sheet-iron, 
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about five inches square, suspended vertically before the mouth of the 
speaker so as to vibrate freely by the motion of the air due to the 
speech, and suppose also another iron plate, of the like dimensions, 
similarly suspended before the ear of the hearer of the sound, and 
between these, but not in contact with them, is stretched the long 
telegraphic wire. Each end of this wire is attached to two coils of 
insulated wire surrounding a core of soft iron, the ends of which are 
placed near the middle of the plate, but not in contact with it. 
These four cores are kept in a magnetic condition by being attached 
at each end of the line to the two poles of a permanent magnet. 
Now it is evident that in this arrangement any disturbance of the 
magnetism of one of the permanent magnets, Increasing or dimin- 
ishing it, will induce electrical currents, which, traversing the long 
wire, will produce a similar disturbance of the magnetism of the 
arrangement at the other end of the wire. Such a disturbance will 
be produced by the vibration of the plate of soft iron due to the 
words of the speaker, and the current thus produced, changing 
the magnetism of the soft iron cores, will by reaction produce cor- 
responding vibrations in the iron plate suspended before the ear of 
the hearer. The vibrations of the second plate being similar to 
those of the first, will reproduce the same sounds. Audible speech 
has, in this way, been transmitted to a distance of three hundred 
miles, perfectly intelligible to those who have become accustomed to 
the pecularities of certain of the sounds. All parts of a tune are 
transmitted with great distinctness and with magical effect. 

“This telephone was exhibited in operation at the Centennial Ex- 
hibition, and was considered by the judges the greatest marvel 
hitherto achieved by the telegraph. The invention is yet in its in- 
fancy, and is susceptible of great improvements.” 


REPORTS ON AWARDS, GROUP XXV. CENTENNIAL EXIIBI- 
TION (pp. 130, 181). 


[DorBear Recorpb, pp. 95-97. ] 


*3. ALEXANDER GRAHAM BELL, SALEM, MASS., U. S. 
‘GRAHAM BELL’S ELECTRIC TELEPHONE AND MULTIPLE TELEGRAPH. 


“ Renort.—The idea of an electric telephone, or apparatus for 
transmitting sounds to a distance by variations of electric current 
through a wire, has been for many years before the world, and has 
been realized in several ways, differing considerably in details as to 
the appliances at two points of the circuit for producing the varia- 
tions of electric current, and for deriving perceptible effects from 
them. An extension of this idea to some kind of electro-phonetie 
telegraphy was inevitable, even though no one had thought it might 
or could lead to practically useful results. But the idea of a mul- 
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tiple electro-phonetic telegraph transmitting simultaneously several 
different musical notes, and using intermissions of these (like inter- 
missions of currents in so many separate wires) for the simulta- 
neous and independent transmission of different messages by one 
Wire, is a very fine invention, of high scientific character, promising 
splendidly useful practical results. 

“This invention is claimed by Mr. Graham Bell, and he is entitled 
to full credit for it, even though, as I believe is the case, it has been 
also independently invented by others, both in England and America. 

“A very well worked-out realization of it is given in Mr. Bell's 
apparatus now exhibited. A great practical advantage of the electro- 
phonetic multiple telegraph over other methods of multiple tele- 
graphy throueh one wire, is that no adjustment is required for 
varying conditions of the line to render the non-interference among 
the different messages perfect. Another even more important prac- 
tical advantage is that it is indifferent between what points of the 
line and in which directions the different messages are being sent. 
The diilerent messages can, in fact, be transmitted from any different 
points of the line, and each may be read at all other stations (whether 
stations from which others of the messages are being sent or not), 
with practically. perfect non-interference. Another important advan- 


tage is that earth currents and lightning discharges will never disturb 


the signaling. 

“Mr. Graham Bell’s apparatus includes an ingenious and effective 
instru:nent for automatically making and breaking an electric contact 
every time one of his telegraphic musical notes commences and 
censes to sound. Thus his multiple telegraph may be made self- 
recording (after the Morse or Bain method), or may be worked 
forward by relay through greater lengths of line than imperfectness 
of the insulation allows to be worked in one cireuit. Myr. Bell showed 
me in action two of these electrophonic relays reecrding quite in- 
dependently the transmission of Independent messages by two musical 
notes in one wire. 

* In addition to his electro-phonetic multiple telegraph, Mr. Graham 
Bell exhibits apparatus by which he has achieved a result of trans- 
cendent scientific interest, — the transmission of spoken words by 
electric currents through a telegraph wire. ‘To obtain this result, or 
even to make a first step towards it, — the transmission of different 
qualities of sounds, such as the vowel sounds, — Mr. Bell perceived that 
he must produce a variation of strength of current in the telegraph 
wire as nearly as may be in exact proportion to the velocity of a 
particle of air moved by the sound ; and he invented a method of 
doing so, a piece of iron attached to a membrane, and thus moved 
to and fro in the neighborhood of an electro-magnet, which has 
proved perfectly successful. The battery and wire of this electro- 
magnet are in circuit with the telegraph wire and the wire of another 
electro-magnet at the receiving station. This second electro-maguet 
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has a solid bar of iron for core, which is connected at one end by a 
thick disk of iron to an iron tube surrounding the coil and bar. 
The free circular end of the tube constitutes one pole of the electro- 
magnet, and the adjacent free end of the bar core the other. A thin, 
circular iron disk, held pressed against the end of the tube by the 
electro-magnetic attraction, and free to vibrate through a very small 
space without touching the central pole, constitutes the sounder by 
which the electric effect is reconverted into sound. With my ear 
pressed against this disk, [ heard it speak distinctly several sen- 
tences, first of simple monosyllables, ‘To be or not to be’ (marvel- 
lously distinct) ; afterwards sentences from a newspaper, ‘5. 5. Cox 
has arrived’ (I failed to hear the ‘S. S. Cox,’ but the ‘has arrived’ 
I heard with perfect distinctness) ; then ‘City of New York,’ ‘Sen- 
ator Morton,’ ‘The Senate has passed a resolution to print one 
thousand extra copies,’ ‘The Americans of London have made 
arrangements to celebrate the Fourth of July.’ I need scarcely say 
I was astonished and delighted; so were others, including some 
other judges of our Group, who witnessed the experiments, and 
verified with their own ears the electric transmission of speech. 
This, perhaps the greatest marvel hitherto achieved by the eleetric 
telegraph, has been obtained by appliances of quite a homespun and 
rudimentary character. With somewhat more advanced plans and 
more powerful apparatus, we may confidently expect that Mr. Bell 
will give us the means of making voice and spoken words audible 
through the electric wire to an ear hundreds of miles distant.” 


|The judges were Joseph Henry, Sir William Thomson, J. E. 
Hilgard, James C. Watson, H. K. Oliver, F. A. P. Barnard, 
J. Schudmayer, KE. Levasseur, P. F. Kupka, Ed. Favre-Perret, 


Chas. EK. Emery. | 


NEWSPAPER PUBLICATIONS IN 1876 AND 1877. 
[Dolbear Record, belween pages 87 and 166. | 

The Doston Evening Transcript, July 8, 1876 :— 

Notes at the Centennial.—“ . . . Professor Bell has also a 
telegraphic and telephonic apparatus in this department for the trans- 
mission of many messages over a single wire, and of musical and 
articulate sounds by telegraph. The experiments which have been 
made in the presence of the Emperor of Brazil, Sir William 
Thomson, and others interested in the subject, have been highly 
interesting and satisfactory in their results.” 

The New York Evening Post, Sept. 5, 1876 :— 

“Yet the telegraphic and telephonic apparatus invented by A. 
Graham Bell should reconcile us to this loss. . . . Professor 
Bell has sent a valuable collection that well illustrates the mode 
by which many messages may be transmitted over a single wire, 
and also the ease with which musical and articulate sounds may be 
transmitted by telegraph. . . . Spoken words may be thus 
transmitted.” 

The Boston Daily Advertiser, Sept. 25, 1876: — 

“The following passage, taken from the opening address of Prof. 
Sir William Thomson, on assuming the chair of the section of 
physical science at the Glasgow meeting of the British. Association, 
will be read with interest, as showing the impression made upon 
an English student of science, by our progress in discovery and 
in practical science: ‘In the Canadian department, I heard, “To 
be or not to be,” “There’s the rub,” through an electric telegraph 
Wire ; vut scorning monosyllables, the electric articulation rose to 
higher flights, and gave me passages taken at random from the 
New York newspapers: “S. S. Cox has arrived” (I failed to make out 
the “S. 8. Cox,”) “The City of New York,” “Senator Morton,” 
“The Senate has resolved to print a thousand extra copies.” 
“The Americans in London have resolved to celebrate the coming 
Fourth of July.” All this my own ears heard, spoken to me 
with unmistakable distinctness by the thin circular disk armature of 
just such another little electro-magnet as this which I hold in my 
hand. The words were shouted with a clear and loud voice by 
my colleague judge, Professor Watson, at the far end of the line, 
holding his mouth to a close stretched membrane, such as you see 
before you here, carrying a little piece of soft iron, which was 
thus made to perform, in the neighborhood of an electrio-magnet 
in circuit with the line, motions proportional to the sonorific motion 
of the air. 
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“*This, the greatest by far of all the marvels of the electric 
telegraph, is due toa young pane ere of our own, Mr. Graham 
Bell, of Edinburgh and Montreal and Boston, now becoming a 
naturalized citizen of the United States. Who can but admire the 
hardihood of invention which devised such very slight means to 
realize the mathematical conception that, if electricity 1s to convey 
all the delicacies of quality which distinguish articulate speech, the 
strength of its current must vary continuously, and as nearly as 
may be in simple proportion to the velocity of a particle of air 
engaged in constituting the sounds ?’” 


The Loston Daily Advertiser, Oct. 14, 1876: — 

‘At a meeting of the American Academy on Wednesday evening, 
Professor Bell exhibited his wonderful discovery by which sounds 
may be transmitted through wires by means of the electric current. 
sy the invention of peculiar apparatus, conversation may be carried 
through hundreds of miles of wires with the grcatest ease.” 


The Scientific American, Sept. 9, 1876: — 
‘THe Human Voice TRANSMITTED BY TELEGRAPH, 


“ Several weeks ago we gave a sketch and description of the thread 
telegraph, consisting of two small tin or wooden cylinders, each hav- 
ing a membrane stretched over one end, the two membranes con- 
necte d ! oy a stout thread. 

‘Professor Graham Bell, by a device somewhat analogous, has 
succeeded in transmitting the tones of the human voice by telegraph. 
Instead of the thread, he connects the membranes of the two eylin- 
ders or drums with the armatures of the electro-mag alt 7. one drum 
being placed at each end of the telegraph wire. In fact, he not long 
ago demonstrated the possibility of conveying voc - sounds by 
means of the ordinary telegraph wires and special appliances for 
transmitting and receiving the sounds. The apparatus used by Pro- 
fessor Bell is thus described: Two single-pole electro-magnets, 
each having a resistance of ten ohms, were arranged in circuit with a 
battery of five carbon elements, the total resistance beine about 
twenty-five ohms. A drumhead of goldbeater’s skin, about two and 
three fourths inches in diameter, was placed in front of each electre- 
magnet, and a circular piece of clock spring was glued to the middle 
of the membrane of each drumhead. One of these telephones was 
placed in the experimental room, and the other in the basement of 
an adjoining house. Upon singing into the telephone the sounds of 
the voice were reproduced by the instrument in the distant room; 
and if two persons sang simultaneously, the two notes were audible 
at the other telephone. 

‘At the time of the lecture, an expe riment was made to show the 
transmission of articulate spees pbeistant come into the : - 
ing building 
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familiar questions were, it is said, understood after a few repetitions. 
The vowel sounds alone are those faithfully reproduced. Diphthon- 
gal sounds and rotund vowels are readily distinguished, but conso- 
nants are generally unrecognizable. Now and then, however, a 
sentence comes out with almost startling distinctness, the consonants 
as well as the vowels being clearly audible. Professor Bell stated 
that telephonic effects can be produced with three varieties of cur- 
rents, — the intermittent, the pulsatory, and the undulatory. The 
first are characterized by the alternate presence and absence of elec- 
tricity in the circuit, the pulsatory current by sudden changes in 
intensity, while undulatory currents are obtained by gradual changes 
analogous to the changes of density of air produced by vibrations 
of a pendulum. 

“The most recent trial of Professor Bell’s instrument was at his 
residence, Brantford, Canada, Aug. 11. The Toronto Glove states 
that instruments were placed, one in the porch of the residence, and 
the other in an outhouse on the grounds, and communication between 
these made by ten miles of wire. Musical notes, the human voice, 
and songs spoken and sune before one instrument were plainly audi- 
ble by placing the instrument to the ear at the other. By this in- 
vention, too, any number of messages can be conveyed over one wire 
in either direction, provided they have a different pitch; the tones 
of the voice can pass over the electric wire, enabling the hearer at 
any distance to hear distinctly what is said, and to distinguish the 
voice of the speaker. On Aug. 10 the professor had communication 
made with his instrument on the common telegraph wire between 
Brantford and Mount Pleasant (five miles), and was spoken with, 
while in Mount Pleasant, by Professor D.C. Bell and Mr. Grifiin, 
from the Dominion office, in Brantford. On the evening of Aug. 
12 the professor tried a new experiment, having had an instrument 
made so that three persons could sing different tunes, or different 
parts of the same tune, into the instrument at the same time. The 
trial was perfectly successful, the different voices coming distinctly 
over the wire at the same time, so that they could be separately 
distinguished by the listener. The practical exemplification of the 
lately discovered system of telephony made by the professor afforded 
much pleasure and information to those present.” 

Boston Daily Advertiser, Oct. |e Lls/6:— 


TELEPHONY. 


AUDIBLE Spereci CONVEYED Two Mites spy ‘CRELEGRAPH. 


Professor A. Graham Bells Discovery. — Suecessful and Interest- 
Lng Pupertiients, — The heecord of (/ Conversation carried Olt 
between Boston and Cambridgeport. 


The following account of an experiment made on the evening of 


— ~ — = 
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Oct. 9 [1876], by Alexander Graham Bell and Thomas A. Watson, 
is interesting, as being the record of the first conversation ever car- 


ried on by word of mouth over a telegraph wire. 


Telephones were 


placed at either end of a telegraph line owned by the Walworth 
Manufacturing Company, extending from their office in Boston, to 


their factory in Cambridgeport, a distance of about two miles. 


The 


company’s battery, consisting of nine Daniell cells, was removed from 


the circuit, and another, of ten carbon elements, substituted. 
ticulate conversation then took place through the wire. 


Ar- 


The sounds, 


at first faint and indistinct, became suddenly quite loud and intelli- 


fible. 


Mr. Bell, in Boston, and Mr. Watson, in Cambridge, then 


took notes of what was said and heard, and the comparison of the 


two records Is most interesting, 


electrical transmission : — 


Iso-ton Record. 
Mr. Bett. What do you think 


was the matter with the instruments ? 
was noth- 


Mr. Watson. There 
ing the matter with them, 

B. I think we were both speaking 
at the same time. 

W. Can you understand anything 
Isay? 

3B. Yes; I understand everything 
you say. 

W. The reason why you did not 
hear at first was because there was 
a relay in the circuit. 

Bb. You may be right, but I found 
the magnet of my telephone touch- 
Ing the membrane. 

W. I cut this relay out, and then 
the sounds came perfectly. 

B. I hear every syliable. Try 
something in an ordinary conversa- 
tional voice. 

W. Shall I connect their battery 
in the circuit? 

Bb. No; there is no necessity to 
connect their battery in the circuit ; 
for the sounds come out quite loudly. 

W. [am now talking in quite a 
low tone of voice. 

Bb. ‘The sounds are quite as loud 
as before, and twice as distinct. 

W. Cut out the battery, and then 
talk. 

Bb. All right; I will cut out the 
battery now, if you will keep listen- 


ing. 


is showing the accuracy of the 


Cambridge Record. 

Mr. Bett. What do you think is 
the matter with the instruments ? 

Mr. Watson. There is nothing 
the mutter with them. 

B. Ithink ... 
time. 

W. Can you understand anything 
I say? 

B. Yes; L understand everything 
you say. 

W. The reason why it did not 
work at first was because there was 
a relay in the circuit. 

B. You may be right, but TI find 

that my touches the mem- 
brane. 

W. ILeut the relay out, and then 
the sounds came perfectly. 

6. I hear every syllable. Try 
something in a conversational voice. 


at the same 


W. Shall [- connect their battery 
in the circuit? 

bb. No; there is no necessity for 
putting their battery in the circuit, as 
the soun Is come out quite ioudly. 

W. Iam now talking in quite a 
low tone of voice. 

B. The sounds are quite as loud 
as before. and quite as distinct. 

W. Cut out the battery and then 
talk. 

b. All right; I will cut out the 
battery now, if you will keep listen- 


j ‘7 
ing. 
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| Here an interruption occurred, and after a short time Mr. Bell 


said 4 


B. I thought you were going to 
say something. 

W. Is the battery cut out? 

B. No; but I will do it now. 


B. I thought you were going to 
say something. 

W. Is the battery cut out? 

B. No; but I will do it now. 


| Battery having been cut out, Mr. Bell continued :] 


B. Do you hear any thing now? 


{ Battery replaced. | 


B. Did you hear anything? 

W. No; not a sound. 

B. Say something to me when I 
cut out the battery again. 


B. Did you hear anything? 

W. No; not a sound. 

B. Say something to me when I 
cut out the battery again. 


[| Battery cut out. | 


a ee ee ee ee ee 


W. I could not hear a sound when 
the battery was cut out. 


| Battery replaced. ] 


B. I fancy I heard a trace of your 
voice. 

W. Shall I put on our battery, to 
see if it increases the effect ? 

B. Vil tell you what we'll do. 
We'll take off our battery, and put 
on theirs, as before. 


B. I fancy I heard a trace of your 
voice. 

W. Shall I put on their battery, 
to see if it increases the etfect? 

B. Til tell you what we’ll do. 
We'll take off our battery alto- 
gether, and put on theirs, as be- 
fore. 


[The company’s batteries having been placed in circuit, faint and 
indistinet sounds were heard at the Boston end, and then came the 
intelligible sentence : | 


W. Is our battery off? 

Bb. Yes, our battery is off. What 
have you been doing? ‘The sounds 
were quite soft at first, but now they 
are quite loud, 

B. Shall I put in our battery 
again? 
W. 
was very 

battery. 


(Indistinctly heard.) Taat 
indistinct. Put on our 


W. Is our battery off? 
Bb. (Very indistinct — unintellig- 
ible.) 


W. That was very indistinct. Put 
on our battery. 


[ Original battery replaced. | 


B. We may congratulate ourselves 
upon a great success. 

W. Both batteries are on now. 
(Another sentence heard indis- 
tinctly.) 


B. We may congratu.ate ourselves 
on our great success. 

W. We deserve success. 
batteries are on now. 


Both 
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b. Repeat the last sentence. 

W. Both batteries are on now. 

B. I understood that before, but 
thought you said something else. 

W. Remove their battery, please. 

B. All right; our battery is the 
only one on now. 

W. I have put battery cells on 
here. 

B. How 
there? 

W. S-i-x——six. 

B. Please whisper something to 
me. 
W. Sound of the whisper clearly 
audible, but the utterances unin- 
telligible. 

b. I could hear you whispering, 
but could not understand what you 
said. 

W. Perhaps we have got the bat- 
teries opposed to one another. Had 
you not be‘ter reverse your ba‘tery 
and see what the matter is, or rather 
what the effect is? 

b. I will try the effect of revers- 
ing my battery. 


many cells have you 
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B. Repeat the last sentence. 

W. Both batteries are on now. 

B. I understood that before, but 
thought you said something else. 

W. Reverse your battery, plcase. 

B. All right; our battery is the 
only one on now. 

W. I have six Dunicll cells on 
here. 

Lb. How many cells have you on 
there? 

W. S-iex——six. 

B. Please whisper something to 
me. 

W. Now I am whispering. 


B. I could hear you whispering, 
bnt could not understand what you 
said. 

W. Perhaps we have got the bat- 
teries opposed to one another. Had 
you not better reverse yours, and sce 
what the effect is? 


B. I will try the effect of revers- 
ing my battery. 


| Battery reversed. | 


B. Is this any better? 

W. That sentence wis accom- 
panied by that curious crackling 
sound. 

B. Yes; I hear it, too. 

B. What time is it by your 
watch? 


B. Is this any better? 
W. Mach fainter, accompanied 
by that curious bubbling sound. 


| Battery again reversed. | 


W. What are you doing? I have 
not heard anything except... for 
quite a while. 

B. Ll asked you what time it was 
by your watch. Perhaps you hear 


me better now, beeause I have re- 
versed the battery again. 

W. My battery is now cut out. 

B. Don’t you think we better 
home now? 

W. Yes; but why does your talk- 
ing come out so much fainter now? 


O'( 
£O 


W. What are you doing? I 
haven’t heard anything except that 
bubbling sound for guite a wiile. 

B. LT asked you . » i 


— beeause I bead woah ee 


W. My battery is now cut out. 

B. Do you think we had_ better 
go home now? 

W. Yes; but why does your talk- 
ing come out so much fainter now ? 


NEWSPAPER 


PUBLICATIONS. £01 


[ Mr. Bell here placed the magnet of the telephone nearer to the 


membrane. | 


B. Because I had moved the mag- 
net further away from the mem- 
brane. 

W. That was very much more 
distinct. 

B. Will vou try to understand a 
long sentence, if I speak right on? 

W. I will. 

B. A few minutes avo I heard a 
fire engine pass by the door. I 
don’t know where the fire is, but the 
number of the box is 196. 

W. The time by my watch is 
five minutes past ten. Had I not 
better go into Bo-ton? 

B. Yes; I think it is time to 
stop now. 

W. Shall I go to Exeter Place? 

B. Yes; but look in here on 
your way, in case | have not gone. 

W. Let us talk conversationally, 
without noting. 


B. Because I moved the magnet 
further away from the membrane. 


W. That was very much more 
distinct. 

B. Will you try to understand a 
longer sentence, if I speak right on? 

W. I will. 

B. A few minutes ago I heard a 
fire engine go past the door. I 
don’t. know where the fire is, but the 
number of the box is 196. 

W. The time by my watch is 
five minutes past ten. Had I not 
better go into Boston ? 

B. Yes; I think it is time to 
stop now. 

W. Shall I go to Exeter Place? 

B. Yes; but look in here on 
your way, in case I have not gone. 

W. Let us talk conversationally, 
without nevting. 


Conversation was then carried on for about half an hour with the 
utmost freedom, and the experiment closed. 

Boston EBvening Transcript, Oct. 19, 1876 :— 

“Telephony , . . The registry of sounds by telegraph has now 
been carried to such a point that the delicate variations involved in 
the articulation of human speech are transmitted with such unerring 
accuracy and distinctness that one may talk with another through 
the telegraph as though face to face. 

“The leading scientific men of the world gathered at Philadelphia 
last summer saw the fact accomplished ona small experimental scale. 
Sir W. Thomson was so impressed that in his opening address as 
president of the British Association, he described it at some length, 
and pronounced it the greatest by farofall the marvels of the electric 
telegraph. Ten days ago the test was repeated over an actual out- 
of-door telegraph between this city and Cambridge. The entire suc- 
cess of this experiment marks, for all that we can see, a revolution 
and advance in the world’s progress worthy to rank with the prac- 
tical completion of the first’ printing telegraph in New York city, 
about forty years ago, and with the laying of the great ocean cables 
twenty years ago. 

“The operation of this new and startling development of tele- 
graphic mechanism is thus described by Professor Thomson, in the 
address referred to : — 
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“* All this my own ear heard spoken to me with unmistakable dis- 
tinctness by the thin, circular disk armature of just such another 
little electro-magnet as this which I hold in my hand. The words 
were shouted with a clear and loud voice by my colleague judge, 
Professor Watson, at the far end of the line, holding his mouth close 
to a stretched membrane, such as you see before you here, carrying 
a little piece of soft iron, which was thus made to perform, in the 
neighborhood of an electro-magnet in circuit with the line, motions 
proportional to the sonorific motions of the air’... 

“We give in another column the interesting account of the 
practical exemplifieation of the invention between Boston and 
Cambridge. The inventor, Mr. Graham Bell, is a young Edinburgh 
scientist, formerly of Montreal, but later of this city, and a natur- 
alized citizen of the United States.” 

New York Tribune, Monday, Oct. 23, 1876: — 

“The experiments which Professor A. Graham Bell has been 
recently making, relative to the transmission of speech by wire, 
have been quite successful. Two operators were stationed two 
miles apart, one in Boston and the other in Cambridge. The bat- 
tery ordinarily used was replaced by one of ten carbon elements. 
At first the sounds were indistinct, but soon they grew clear and 
intelligible. The operators carried on a long conversation, and on 
subsequently comparing their records ascertained that the tones had 
been transmitted with perfect accuracy.” 

Editorial in the New York Tribune, Nov. 9, 1876 :— 

“The Centennial Exhibition has afforded the opportunity to bring 
into public view many inventions and improvements which otherwise 
would only have been known to the smaller circles that may find 
them of service. . . . ‘The telephone is a new instrument of 
electrical science, more likely than some of the rest to find imme- 
diate use. It operates by transmitting the current through a tuning 
fork. The fork will only vibrate a given number of times in a second. 
A message can be sent through it by the usual Morse code, there 
being no apparent interference between the tuning-fork vibrations 
and the message. But at the other end of the line the message can 
be taken off through a tuning-fork in unison with the first. Conse- 
quently, if a tuning-fork of different pitch is interposed at each of 
several stations served by one wire, and the messages are sent 
through forks of corresponding pitch from the head office, the mes- 
sage to one station will not be repeated at the others during trans- 
mission. | 

“Sir William Thomson, at the Glasgow meeting of the British 
Association for the Advancement of Science, gave foreign notoriety 
to another of the Centennial exhibits that has attracted great atten- 
tion from the judges of the Group to which it belongs. It is a curious 
device, that might fairly find place in the magic of Arabian tales. A 
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membrane is stretched over the end of a short speaking trumpet. 
The membrane carries a small piece of metal which is, so to speak, 
the armature of a magnet. The magnet forms part of a telegraph 
circuit, through which a current is passing. To send a message, it 
is only needful to talk loudly into the trumpet. 

“The message is received by a similar trumpet with membrane 
and armature at the other end of the line; and that trumpet being 
placed to the ear repeats the sound like an echo. Don Pedro was 
with the scientific people who tested this instrument on one occasion : 
so accurately did it reproduce sounds that each member of the party 
was in turn recognized by peculiarities in voice or accent. The final 
test was the reading of a paragraph from the news columns of the 
Tribune. Of what use is such an invention? Well, there may be 
occasions of state when it is necessary for officials who are far apart 
to talk with each other without the interference of an operator. Or 
some lover may wish to pop the question directly into the ear of a 
lady, and hear for himself her reply, though miles away; it is not 
for us to guess how courtships will be carried on in the twentieth 
century. It is said that the human voice has been conveyed by this 
contrivance over a circuit of sixty miles. Musie can be readily 
transmitted. Think of serenading by telegraph ! ” 

The Boston Post, Nov. 27, 1876 :— 

“The experiments in electric telephony which Professor A. 
Graham Bell has been conducting for several years past have re- 
sulted in the development of an apparatus by means of which the 
human voice, as ordinarily used in speaking, can be transmitted 
with certainty and ease to an indefinite distance,— assuredly 
hundreds of miles. 

“The latest experiments with the telephone were made yesterday 
over the wires of the Eastern Railroad, that day being selected be- 
cause the trials would not then be interrupted by the ordinary busi- 
ness of the line. Professor Bell, President Rockwell, of the Eastern 
Road, and wife, Miss Stearns, Mr. Morrison, and Mr. Hubbard, 
besides two telegraph operators, were the occupants of the Boston 
office. The instruments were arranged for about a twenty-mile 
test; consequently, Salem, about sixteen miles away, was the point 
at which the second telephone was fixed. Mr. Thomas A. Watson, 
assisted by the Salem operator, was in charge there. All those at 
the Boston end of the line held free and easy conversation with the 
Salem office, even a whisper or a loud breath being distinctly heard 
at one end when given at the other.” 

Evening Star, Washington, Jan. 20, 1877: — 

“ Bells Telephone. Ata meeting of the Washington Philosoph- 
ical Society, on the evening of the 13th January, Mr. Bell, the 


inventor, gave to the members a description of the construction and 
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operation of his most admirable and wonderful invention, and exhib- 
ated vt in operation.” 

Boston Daily Advertiser, Jan, 22, 1877: — 

* The most important of the tests made recently by Professor A. 
Graham Bell, in the practical development of telephony, is dispens- 
ing with the use of the battery entirely, so that now all that is re- 
quired to communicate between the most distant places is simply a 
line of wire and the telephones. 

* Yesterday morning successful experiments were made between 
Boston and Salem, on the Eastern Railroad wire. At the Boston 
end were Professor Bell, Mr. Nutting, the operator, Mr. Ik. IL. Fos- 
ter, Mr. William Auld, and Mr. J. B. Parker; and at the Salem 
end, Mr. T. A. Watson, who is associated with Mr. Bell, and the 
lady Operator. 

“Recently two Japanese gentlemen conversed in their own lan- 
cuage through the telephone, and had no difficulty in understanding 
all that they said. An experiment has been made in overcoming an 
artificial resistance greater than the Atlantic cable, and there is no 
doubt but that it will be possible to talk across the Atlantic.” 

The Boston Lvening Transcript, Feb 1, 1877: — 

“At noon, yesterday, a distinguished party of gentlemen were 
assembled at the office of the Boston Rubber Shoe Company, on 
Congress street, in order to witness a series of experiments per- 
formed on the telephone between the inventor, Professor A. Graham 
Bell, here, and his associate, Mr. Thomas A. Watson, at the resi- 
dence of Mr. Converse, at Malden, about six miles distant. 

“Professor Bell had been invited by some of our most prominent 
citizens to give a practical demonstration of the most recent develop- 
ments of an invention which, in accordance with its name, has 
already sounded far and wide the fame of the telephone. The ex- 
periments yesterday were as follows :— 

© Telephones having been connected with the private telegraphic 
line of the Boston Rubber Shoe Company, and the operators at 
either end having taken up their stations, conversation was at once 
commenced. Stationed at the Boston end of the wire, Professor 
Bell requested Mr. Watson to speak in loud tones, with a view of 
enabling the entire company at once to distinguish the sounds. 

"This was so successful, that a smile of mingled pleasure and 
surprise played on the features of those present. That it, however, 
might not be supposed that loud speaking was essential to intelligi- 
bility, Mr. Bell explained that soft tones could be heard across the 
wires even more distinctly than loud utterances, even a whisper 
being audible. In confirmation of this statement, Mr. Watson com- 
menced speaking in turn to each member of the company, and after 
the efliciency of this method had been proved to the satisfaction of 
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all, he took up a newspaper and informed the assemblage that gold 
had closed the previous evening at New York at 105%. 

“As there was quite a number of business men present, the effect 
that this practical demonstration of the value of the telephone pro- 
duced ean scarcely be exaggerated. Other passages from the daily 
Journals were then given, and by this time the desire for conversa- 
tion having become general, Mr. Watson was plic «| with questions, 
such as, Is it th: awing or freezing at Malden? Who is to be the next 
President? ete., ete. It was remarkable that Mr. Watson was able 
to distinguish between the voices at the Boston end, he calling at 
least one gentleman by name as soon as the latter commenced speak- 
Ing. 
“This went on for some time, until a lady at the Malden end sent 
the company an invitation to lunch per telephone, and an appropriate 
response was made by the same medium. 

“At leneth the company were requested to remain quiet while the 
lady at the other end conveyed to them the sweet strains of music. 
The assemblage there upon listened with rapt attention while a young 
lady comme need singing ‘The Last Rose of Summer.’ The effect 
Was simply charming. Possessing, as the fair cantatrice does, a 
voice of exquisite sweetness, the sounds penetrated into the Boston 
end of the telephone with a distinctness equal to that attainable in 
the more distant parts of a large concert room, and a unanimous vote 
of thanks was sent by the handy little instrument whieh had procured 
for the assemblage so agreeable an hour. 

‘Among those prese nt were electricians and oe -_ men occupying 
prominent positions on our Western railroads, and one and all ex- 
pressed the conviction that the telephone was destined to achieve the 
greatest possible results. Let us hope that the day is fast approach- 
Ing when every man will be ina position to turn on the electricity 
in his house with the same facility with which he now turns on the 
water or the eas. 


4 


Boston Globe of Feb. 13, 1877 :— 

“We have the pleasure of presenting to our readers this morning 
the first despatch ever sent to a newspaper by the newly invented 
telephone, Professor A. Graham Bell’s system of transmitting sound 
by telegraph. The despatch was sent from Salem, where Professor 
sell lectured last evening, our active representative in that city 
having secured the exclusive privilege of the instrument for that 
purpose. The message was received in this city by another repre- 
sentative of the Globe, who could readily recognize the voice at the 
other end. 
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“SENT BY TELEPHONE. — THE FIRST NEWSPAPER DESPATCH SENT BY 

A TIUMAN VOICE OVER THE WIRES. — TO THE DAILY GLOBE, FROM 

SALEM. — PROFESSOR GRAHAM BELL EXPLAINS WIS VALUABLE 

INVENTION. —AN ENTHUSIASTIC AUDIENCE. — iLOW TILE CAPAC- 


ITY OF THE TELEPHONE WAS TESTED. 
‘6° Special despatch by telephone to the Beston Globe.) 

*SaLeM, Feb. 12, 10.55 p. wm. — Professor A. Graham Bell, the 
inventor of that wonderful instrument, the telephone, which has 
caused so much interest in the scientific world, and which is now be- 
coming so popularly known, lectured on his invention at Lyceum 
Hall this evening. The lecture was one of a course of the Essex 
Institute, and about five hundred persons were present. 

& 


“Mr. Watson was then asked to make a speech to the audience. 
He expressed himself as having more confidence eighteen miles away 
than if he were present. His speech was as follows : — 

“* Ladies and Gentlemen, —It gives me great pleasure to be able 
to address you this evening, although I am in Boston and you in 


_— 
4 


Salem.’ This could be heard thirty-five feet cistant, — that is, all 
over the hall,—and brought down the house with applause. A 
system of questioning was then carried on, and Mr. Watson was 
asked if he heard the applause. The answer was, ‘I was not listen- 
The applause was given, and its receipt at once 


Ing; try again.’ 
Coughing and singing were then heard, 


acknowledged in Boston. 
and a variety of questions were then asked from the Salem end, 
and among them, ‘What news from the Electoral Commission?’ 
followed by the distinct answer of ‘I don’t know of any.’ But the 
news came fleeting along that the engineers of the Boston and Maine 
Railroad had struck. Gen. Cogswell asked if trains were running ; 
the answer was clear and distinct that they were not at 5.30 o’clock. 
Professor Bell introduced the Rev. E. C. Bolles, who said, ‘I shake 
hands with you cordially in imagination twenty miles away.’ The 
Rey. E. S. Atwood asked, ‘Does it rain?’ ‘It does not in Boston,’ 
was Mr. Watson’s answer. Professor Gage, the electrician, then 
spoke through the telephone, endeavoring to have his voice recog- 
nized. This could not be done,as Mr. Watson was not familiar with 
the voice. Mr. Shaje Zsawa was recognized, Mr. Watson being per- 
fectly familiar with his tones. One of the assistants in Boston then 
said that ‘Hold the Fort’ would be sung in Boston, and the tune 
which followed was readily recognized. Professor Bell closed his 
lecture by briefly stating the practical uses to which he was contident 
the telephone could be applied. Hearty applause was afforded the 
lecturer as he finished, and people flocked about the stage in large 
numbers to more closely examine the wonderful instrument that had 
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placed them in audible communication with people nearly twenty 
miles away. 


& ° « * a 7 . * a a 


“This special by telephone to the Globe has been transmitted 
in the presence of about twenty, who have thus been witnesses to 
a feat never before attempted; that is, the sending of a ne Wspaper 
dispatch over the space of eiehte en miles by the human voice; and 
all this wonder being accomplishe dina time not much longer than 
would be consumed in an ordinary conversation between two peo- 
ple in the same room. 

H. M. B. 
“THE SCENE, AT THE BOSTON END. 


“The instrument which transmitted the wonderful voice-message 
to the listening ears in this city was placed in a little room in Exeter 
Place, where were assembled Prof. Watson, Benjamin Bridden, 
the electrician, Prof. KE. B. Warman, and Mr. A. B. Fletcher, repre- 
sentative of the Globe. The experiment was certainly a great suc- 
eess. The conversation with the friends eighteen miles away was 
‘arried on in ordinary tones of voice. The Globe representative in 
Boston very easily recognized the voice of the transmitter of the 


dispatch in Salem, and very distinctly heard the applause which was 
given in the Essex Institute Hall. It was a very noteworthy occa- 
sion, certainly ; and the complete success attained led to the discus- 
sion of many plans for the further practical utilization of the tele- 
phone, which sends its first newspaper dispatch to the Globe readers 
for their delectation and wonder this morning.” 


Boston Daily Globe, Feb. 15, 1877 :— 
THe TELEPHONE. —SOMETHING ABOUT THE CONSTRUCTION AND 
WorkKING oF Pror. BELU’s WONDERFUL INVENTION. 


As the telephone, the new invention of Prof. A. Graham Bell, 
is but little understood, the following reprint of a description and 
explanation of the instrument may not be amiss : — | 

**’The telephone in its present form consists of a powerful, com- 
pound, permanent magnet, to the poles of which are attached ordi- 
nary telegraph coils of insulated wire. In front of the poles, sur- 
rounded by these coils of wire, is placed a diaphragm of iron. A 
mouth-piece to converge the sound upon this diaphragm substantially 
completes the arrangement. The motion of steel or iron in front of 
the poles of a magnet creates a current of electricity in coils sur- 
rounding the poles of the magnet, and the duration of this current of 
electricity coincides with the duration of the motion of the steel or 
iron moved or vibrated in the proximity of the magnet. When the 
human voice causes the diaphragm to vibrate, electrical undulations 
are induced in the coils environing the magnets precisely analogous 
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to the undulations of the air produced by that voice. These coils 
are connected with the line wire, which may be of any length, pro- 
vided the insulation be good. The undulations which are induced in 
these coils travel through the line wire, and passing through the 
coils of an instrument of precisely similar construction at the distant 
station, are again resolved into air undulations by the diaphragm of 
this instrument. 

‘It was by this wonderfully simple instrument that the three 
quarters of a column report of Professor Bell's lecture was trans- 
mitted from Salem to the Globe by the voice on Monday evening. 
All who saw the working of the instrument were astounded at the 
results obtained.” 


Salem Observer, Feb. 17, 1877:— 

“THe TELEPHONE. — The illustrated lecture upon telephony, by 
Professor A. Graham Bell, was exceedingly interesting. The re- 
nearly every experiment was 


sults exhibited were indeed amazing ; 
successful. . . . 

‘On Monday evening Mr. Watson, who was in the Boston office, 
‘wired’ several tests to the audience of five hundred who were 
assembled in Lyceum Hall. He conversed with Professor Bell 
freely, the latter asking questions in an ordinary tone of voice, with 
distinct articulation, and the answers immediately returning and 
having a sort of muffled sound. Mr. Watson addressed some words 
to the audience in Salem, which were distinctly heard, and the 
applause which followed was heard by him in Boston. He sang 
‘Auld Lang Syne’ and other pieces, and played upon a reed organ, 
all the sounds of which were duly delivered at the Salem end of the 
wire. ‘The person in Boston was also heard to cough and to laugh. 
During the evening Rev. Dr. Bolles, Rev. Mr. Atwood, Professor 
Gage, “General Cogswell, a gentleman from Japan, and a lady (Miss 
Loring), all spoke successfully through the telephone. A full re- 
port of the meeting was sent to the Globe by telephone from its cor- 
respondent, Mr. Batchelder. 

“The apparatus by which this astonishing result is secured is won- 
derfully simple; only a telegraphic wire, a horseshoe magnet, two 
helices, and a vibrating disk at each end. The audience see only 
mahogany box upon the table, of the appearance of an ordinary 
photographer’s camera. The tube in the end is used in this case to 
speak into and to hear out of. © Within the box is a horseshoe mag- 
net. Opposite each arm of the magnet is a helix of the usual con- 
struction. 

‘One end of the wire among the helices is connected with the 
ground, and the other with Boston, or the place In operating con- 
nection. Set up egainst the helices, within a sixteenth of an inch, 
is a sheet of thin polished i iron, upon which the voice of the operator 
impinges when speaking. The magnet induces an electrical current 
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in the telegraphic wire. The vibrating disk imparts pulsations to 
this electrical current corresponding to the sounds, which are con- 
veyed to Boston, and reproduce themselves upon the vibrating disk 
there with exactness of tone and articulation. The little four inches 
of iron utters the whole gamut of the human voice. This is indeed 
wonderful, — the gre: itest achievement of modern science. Another 
exhibition of the telephone i is to be given.” 


New York Sun, Feb. 20, 1877: — 

PROF. BELL’S TELEPHONE. — THE HUMAN VOICE CARRIED A HUNDRED 
AND FORTY MILES. —MARVELLOUS STORIES ABOUT THE LATEST 
ACHIEVEMENT OF SCIENCE. — MUSIC IN SALEM AND APPLAUSE IN 
BOSTON. — THE CONSTRUCTION AND CAPABILITIES OF THE INSTRU- 
MENT DESCRIBED. | 

* * * * * * * * 

“The honor of having received the first newspaper dispatch ever 
sent by means of the telephone belongs to the Boston Globe. A 
report of a lecture by Professor Bell, in Salem, was transmitted 
verbally to it last Mond: ay night. This lecture was about the tele- 
phone, and in the course of the evening a series of remarkable 
experiments was made in the presence of the audience. Songs and 
brief speeches were sent from Boston, and the applause which 
greeted their reception in Salem was distinctly heard in Boston. 
Imagine sitting in a hall and hearing a man, eivhteen miles away, 
sing ‘Hold the Fort.’ 

“*T haven’t the slightest doubt,’ Mr. Watson said to-day, ‘that in 
a few months things will be so that a man can make a lecture here 
in Boston, and be heard by an audience in any part of the country.’ 

“Do you expect that the telephone will entirely supersede the 
present system of telegraphing?’ I asked. 

“*Yes; we expect it will, eventually. A company is now form- 
ing for the purpose of manufacturing and introducing the instru- 
ment. In time it can’t fail to replace the old dot and line alphabet 
system entirely. We expect, at first, it will be used mostly on 
private lines and for city business. It will probably take the place 
of the present district telegraph companies and the like, as it will be 
especially convenient for that class of business.’ 


“The wonderful little instrument, of whose future value to civil- 
ization the inventor is so sanguine, consists of a powerful compound 
permanent magnet, to the poles of which are attached ordinary tele- 
graph coils of insulated wire. In front of the poles, surrounded by 
these coils of wire, is a diaphragm of iron. A mouthpiece, whose 
function is to converge the sound upon this diaphragm, substantially 
completes the arrangement. The operation of the instrument is 
thus described by Professor Bell: The motion of steel or iron in 
front of the poles of a magnet creates a current of electricity in coils 
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surrounding the poles of the magnet, and the duration of this cur- 
rent of electricity coincides with the duration of the motion of the 
steel or iron moved or vibrated in the proximity of the magnet. 
When the human voice causes the diaphragm to vibrate, electrical 
undulations are induced in the coils around the magnets precisely 
similar to the undulations of the air produced by the voice. The 
coils are connected with the line wire, and the undulations induced 
in them travel through the wire, and passing through the coils of 
another instrument of similar construction at the other end of the 
line, are again resolved into air undulations by the diaphragm of 
this instrument. The voltaic battery is entirely dispensed with. 
The line wire may be of any given length, provided the insulation 
be good. Professor Bell further says that soft tones can be heard 
across the wires even more distinctly than loud utterances, even a 
whisper being audible.” 


Boston Daily Globe, Feb. 24, 1877 :— 
b] 9 
‘* Special despatch by Telephone to the BOSTON GLOBE. 
“SALEM, Friday, Feb. 23, 10.20 p.m. — Lyceum Hall has been 


crowded this evening with an audience of five hundred, which had 
assembled to hear Professor A. Graham Bell’s interesting lecture on 
his wonderful invention, the telephone, and the results obtained by 
the evening’s exhibition were certainly most astonishing. This was the 
second public exhibition of the new invention and its practical uses, 
and Salem has been fortunate indeed in having both given before her 
citizens. This second lecture and exhibition was given in response to 
an invitation to Professor Bell by a number of scientific gentlemen 
and prominent citizens, and the audience was one which only a rare 
and notable occasion can draw together in Salem. Among the more 
prominent people in the audience were the Hon. George B. Loring, 
Judge Endicott, of the Supreme Court, Professor D. B. Hagar, of 
the State Normal School, Dr. J. R. Nichols, of Haverhill, editor of 
the Boston Journal of Chemistry, Judge Oszood, Mayor Oliver, 
Aldermen Dayton and Stone, Professor John Robinson, ex-Mayor 
Williams, Dr. Henry Wheatland, President of the Essex Institute, 
the Rev. Messrs. Arey, Dean, and Atwood, John W. Perkins, master 
of the Salem High School, General William Cogswell, J. S. Packard, 
Esq., and many other prominent citizens. The experiments were 
similar to those given at the former lecture, and were eminently 
successful, receiving hearty applause. Professor Thomas A. Watson, 
Professor Bells assistant, transmitted several messages from the 
Boston end of the telephonic wire. 

“The company at the Boston end of the telephonic wire between 
Boston and Salem was quite as numerous as Professor Bell’s labora- 
tory could well accommodate. It is a little room at the end of 
Exeter Place, up three flights of stairs, with the various instruments 
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of the telephonic apparatus to be seen on every hand. On one of 
the tables were the models on which Professor Bell worked out the 
telephone as it now exists; and they form an interesting study. 
Books, letters and papers, all pertaining in more or less degree to the 
science of electricity, were arranged about the room, which is plainly 
and tastefully furnished. Occupying the post of duty near the 
working instrument was Professor Thomas A. Watson, Mr. B. KF. 
Bridden having charge of the working of the electric apparatus, 
with two young lads as assistants. The company present included 
Mr. D. P. Richards, who has been one of Professor Bell’s co-work- 
ers, the Hon. Charles Levi Woodbury, John C. Hoadley, of Law- 
rence, Dr. Henry I. Bowditch, Dr..C. J. Blake, Mr. W. A. Hovey, 
and Mr. C. E. Hurd, of the Zranscript, three gentlemen from one 
of Dr. Tourjée’s Tabernacle choirs, a cornet player, and an artist 
who was illustrating the scene for the Sctentific American, besides 
reporters from various city papers. 


“THE GLobBE despatch then came, followed by another press mes- 
sage, giving merely the news furnished by THe GLoBE about the 
telephone a week ago. Then ‘Yankee Doodle’ and ‘ Auld Lang 
Syne’ were sung by Professor Bell, and distinctly heard in every 


tone by all in the room; and at 10.30 the conference came to an 
end.” 

The Providence Press, Feb. 24, 1877 :— 

“We willingly surrender space to-day to the somewhat enthusi- 
astic report by a member of our editorial staff who was invited to 
witness the experiments with the telephone last night at Salem. 
The importance of the invention promises to be such as to make all 
obtainable knowledge of it valuable, and we do not remember to 
have yet seen any so detailed and intelligible description of its work- 
ings as our representative furnishes. 


“How THE Tuine ts Done, 
is, of course, the practical reader’s demand. It is done by a mag- 
nificent effort of genius, making itself felt with common tools. It 
is simplicity embodied and almost made personal. There is not 
even a battery to send an electric current along the line, for the affair 
is sufficient unto itself within its six by twelve inch dimensions, ask- 
ing nothing of existing telegraphy but the wires it has strung. The 
principle is the familiar one that a plate of iron presented to a coil 
of insulated wire on the end of a magnet causes an electric current 
to traverse the magnet, provided the circuit is complete. Pro- 
fessor Bell, therefore, takes a horseshoe magnet, places on each of 
its ends a nearly flat spiral wire, and just in front of the points of 
the spirals, an infinitesimal distance away, sets up his plate of iron. 
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To complete this circuit, he connects one arm of the magnet with 
the earth, by means of the gas pipes, and the other communicating 
wire runs out from the other arm to wherever the other operator 
may be stationed, with a similar earth connection on the magnet at 
his end.” 

Boston Journal of Chemistry, Mar. 1, 1877: — 

‘“ THE: TELEPHONE. 

“The telephone is the invention of Professor A. Graham Bell, of 
this city, and has resulted from a course of inductive reasoning, 
growing out of a careful study of the philosophy of sound, as re- 
lated to wave motions in air, and in metals when induced by electri- 
‘alexcitation. The instrument is exceedingly simple and inexpensive, 
and easily understood. It consists in attaching to the terminals of 
the ordinary telegraph wires, between any two points, powerful 
compound magnets, with coils of wire connected. In front of the 
pole, surrounded by these coils of wire, is placed a diaphragm of 
iron. A mouth-piece to converge the sound upon the diaphragm, 
substantially completes the arrangement. When the human voice 
causes the diaphragm to vibrate, closing and breaking the circuit 
with each vibration, electrical undulations are induced in the coils, 
precisely analogous to the undulations of the air produced by that 
voice. These coils are connected with the line wire, which may 
be of any length, provided the insulation be good. The undula- 
tions induced in these coils travel through the line wire, and, passing 
through the coils of an instrument of precisely similar construc- 
tion at the distant station, are again resolved into air undulations 
by the diaphragm of this instrument.” 

The Providence Journal, Mar. 15, 1877 :— 

“THE LAST GREAT WONDER. 

“In the telephone no galvanic battery is used. A permanent steel 
magnet is surrounded with a coil of insulated wire, and confronted 
with a disk of sheet iron. When the iron disk vibrates, under the 
influence of sound, it disturbs the magnetism of the steel magnet 
before it; and, by a familiar law, every change of magnetism in a 
magnet excites an electric current in a surrounding coil. The coil is 
connected with the telegraph wire, and that with the coil around 
the magnet at the further end of the line, the ground being used for 
the return circuit. The distant magnet thrills with the electric cur- 
rent so excited, and vibrates the disk in front of it, which, in turn, 
impresses sound waves on the air.” 

The Boston Daily Globe, April 6, 1877 :— 
© PROFESSOR BELL EXHIBITS ITS WONDERFUL WORKINGS TO A PROVI- 

DENCE AUDIENCE. —A SUCCESS DESPITE UNFAVORABLE CONDI- 

TIONS.—A SPECIAL-TO THE ‘GLOBE’ BY TELEPHONE. 


* Professor A. Graham Bell, the inventor of the telephone, lec- 
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tured in Providence last evening; and in his little room at the top 
of No. 5 Exeter Place, Mr. Thomas A. Watson, the electrician, 
with several members of the press and a number of gentlemen inter- 
ested in science, were assembled, for the purpose of holding com- 
munication with the professor, and demonstrating anew the practical 
workings of the instrument. 


“The Globe reporter remained with Mr. Watson until a late hour ; 
and when the audience in Providence had been dismissed, and all the 
visitors had left the room in this city, he was repaid for his waiting 
by receiving the following message from a brother reporter of the 
Globe, who went to Providence especially to send a telephonic des- 
patch : — 

“THE EXHIBITION IN PROVIDENCE. 
‘© * Special to the GLOBE hy Telephone. 
** PROVIDENCE, R. [., April 5. 


“*The bad weather prevented the exhibition from being as effec- 
tive as usual; still, the audience which crowded Music Hall, and 
represented the best society of the city, had conclusive proof of the 
ralue of the invention. The transmission of musical sounds from 
the reed organ in Boston, giving “ Music in Air,” and other familiar 
tunes, was admirably perfect, and was heard distinctly all over the 
hall. The exhibition of singing was fairly successful; and Mr. 
Reeves’s cornet solo, “ Yankee Doodle,” played at the request of one 
of the audience, was recognized very easily. The experiment of 
brass-band playing was not very successful. A conversation carried 
on between the Rey. Dr. Behrends here, and Mr. Watson at Boston, 
on the Rhode Island election, caused much merriment. Governor 
Lippett introduced Professor Bell, who spoke till after ten o’clock, 
and remained in the hall an hour after, exhibiting the telephone to a 
curious crowd. An effort will be made to have the lecture repeated, 
when, it is hoped, circumstances will be more favorable for the 
working of Professor Bell’s invention.’ 

“| Nore. — On account of damage to the wires it was impossible 
to send as full a despatch as was intended; but, fortunately, the 
accident did not happen until after the lecture had been delivered, 
and Providence people had been satisfied of the success of the in- 
vention. |” 


Providence Daily Journal, April 6, 1877 :— 


“ PROFESSOR BELL’S LECTURE ON ‘THE. TELEPHONE. 
* Musie Hall was filled last evening, notwithstanding the storm, 
by one of our best aucliences, to witness the first public exhibition of 
the speaking telephone in this city. 


©“ Professor Bell stated that in vocal utterance it is best to remove 
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the battery, and use nothing between the telephonic instruments in 
Boston and Providence. The Boston office was then telegraphed to 
cut out the battery. While waiting for this to be done, Professor 
Bell explained in a few words the structure of his instrument and its 
history. 


“ Mr. Watson next sune ‘Hold the Fort,’ which was switched on 
to the different telephones. Mr. Watson then repeated a sentence, 
which was switched on to the telephones and generally heard. Rev. 
Mr. Behrends then interviewed Mr. Watson, asking him if it was 
stormy in Boston, also ‘What time is it?’ and ‘Have you heard the 
news from Rhode Island?’ Mr. Watson had not. Mr. Behrends In- | 
formed him that we had an election yesterday, and ‘ Did you hear 
who was elected?’ Yes, Mr. Watson had read it. ‘ What is the 
news in Boston?’ Answer, ‘I have not heard any.’ ‘Good night, 
Mr. Watson,’ closed the conference. 


“The mysterious little box at Professor Bell’s lecture contains an 
apparatus almost elementary in its simplicity, which answers the 


double purpose of transmitting and receiving sounds. It may be 
divided into two parts, the artificial ear and the magneto-electric 
transmitter. The artificial ear may be likened to a grocer’s sugar 
funnel, of tin or other metal (having a tube of about two 
inches diameter), the large, flaring end of which has been sealed 
with a circular disk of thi sheet iron. This disk is the 
tympanum of the artificial ear. The two-inch tube is the part which 
projects from the box into which you talk, and at which you listen 
for a reply. Inside the box there is a fixed U-shaped steel magnet, 
whose poles very nearly approach the sheet-iron disk, keeping it in 
astute of tension by virtue of magnetic attraction. Around the 
arms of the U magnet, near its poles, are bobbins of fine insulated 
copper wire, which communicate together, and one of the free ends 
of which connects with the telegraph wire outside, and the other 
with the ground, for the return current. For certain reasons it is 
thought better, in practice, to attach small, sort iron cylinders, on 
which the bobbins are placed, to the poles of the fixed magnet: and 
the ends of these cylinders then take the place of the poles of the 
magnet, in close proximity to the iron disk or tympanum. This is 
virtually the whole apparatus. When a word is whispered into the 
two-inch auditory tube it causes the iron tympanum to vibrate. This 
disturbs the magnetism of the fixed magnet, and of its soft iron 
cylindrical poles. This disturbance, in its turn, induces electrical 
currents in the coils of fine wire and in the telegraph wire outside. 
At the distant station these processes are then taken up in reverse 
order. The induced currents, passing from the telegraph wire 
through the coils of the receiving instrument, disturb the maguet- 
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ism of the fixed magnet there, and that sets the disk in front of it 
in vibration, which communicates in turn the same sound undulations 
to the air which originated this curious series of transformations. In 
other words, the persons listening at the distant disk hear the same 
words, accents, tones, which were confided to the disk at the near 
station. It will be observed that the sound waves are converted 
first into mechanical vibrations of the disk, then into magnetic vibra- 
tions, then into electric currents, then back into magnetic vibrations, 
then into vibrations of the distant disk, and lastly into sound vibra- 
tions again, —and that these transmutations of the original sound 
waves between the two disks require four jumps through air spaces.” 

New York Tribune, May 12, 1877: — 

“An exhibition of the speaking telephone was given last night 
at the St. Denis Hotel, in this city. An invitation to exhibit the 
instrument here had been tendered to Professor A. Graham Bell by 
Professor F. A. P. Barnard, Dr. Howard Crosby, Professor Henry 
Morton, and two or three dozen other gentlemen eminent in the 
learned profession, or connected with the telegraph. Before 
beginning his proposed course of lectures, Professor Bell invited a 
few of his scientific friends to be present at an informal exhibition, 
to show the power of the instruments. About fifty gentlemen were 
gathered in one of the parlors of St. Denis Hotel last evening. 
Among those present were President Barnard, Professor O. N. 
Rood, and Professor J. S. Newbury, of Columbia College ; the Rev. 
Dr. Armitage; General Eckert, President of the Atlantic and 
Pacific, and the Hon. T. N. Gibbs, President of the Domestic Tele- 
graph Company ; Professor Peet, of the Deaf and Dumb Asylum ; 
Kastman Johnson, General Gaylord, S. A. Bunce, Rk. H. McCurdy, 
IF. O. Evans, and other well-known citizens. ‘There was some delay 
about the proceedings, which was afterwards explained. 

“Professor Barnard introduced Professor Beli to the audience, 
having become acquainted with the instrument and the inventor at 
Philadelphia. Professor Barnard stated that of all the instruments 
of precision and research, ete., which the Group of Centennial 
judges, of which he was chairman, was called upon to examine, 
there was none that occasioned greater interest or that they regarded 
as of higher novelty and importance than the speaking telephone of 
Professor A. Graham Bell. In introducing Professor Bell to the 
audience, Professor Barnard said that he did so with the conviction 
that the name of the inventor of the telephone would be handed 
down to posterity, with a permanent claim on the gratitude and re- 
membrance of mankind. Professor Bell expressed himself as sur- 
prised at the size and importance of the gathering. He had at first 
expected a small number of his friends, and had arranged to exhibit 
his telephone merely by placing one of the instruments in one room, 
and another in another room, in the hotel, connecting them by wires. 
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But at a late hour he had determined upon a more complete exhibi- 
tion of the character of the instrument, and had therefore sent his 
assistant, Mr. Gower, to Brooklyn, and hoped before long to hear 
that Mr. Gower had arrived somewhere in that city, and to hear it 
from Mr. Gower through the telephone. While-Professor Bell was 
speaking, a sound was heard from the instrument; he placed his ear 
against it, and after listening for a moment, said to the audience : 
‘It is all right. Mr. Gower has been in search of a cornet player, 
and thinks he will have one to play a tune for us.’ Professor Bell 
then carried on a brief conversation with Mr. Gower, finally desir- 
ing the latter to be in readiness after a short interval, in which Profes- 
sor Bell proposed to explain some features of the Instrument to 
his audience. 

“Professor Bell mentioned many of the facts with which our 
readers are already familiar, as to the construction and character of 
the instrument. When a magnet approaches a bar of iron, it gen- 
erates a current or a change of electrical condition in the iron; 
when it is drawn back it generates the converse electricity : 7. e., 1p 
the one case positive, in the other negative. What Professor Bell 
had done was to substitute a sheet or plate of iron for the bar, to 
make that vibrate instead of the magnet, and to keep the magnet 
stationary. The vibration was communicated to the plate in front 
of the poles of the magnet by the waves of sound striking on the 
plate. These differences of positive and negative electricity, trans- 
mitted through the wire, caused a magnet at the other end of the 
wire to attract or repel a precisely similariron plate; and the vibra- 
tions of that communicated to the air, were sounds precisely corres- 
ponding to those presented at the first plate. Tle has tested it on 
two hundred and fifty-eight miles of wire between New York and 

soston. He commenced by understanding it; now he does not 
understand it. 

“The vibration was supposed to be like that of a» membrane, such 
as is that of the drum of the ear. But we all know that such vibra- 
tion can be readily dampened by fastening upon the membrane 
something to stiffen it. 

*'There was no such result in the telephone when a wooden ring’ 
was screwed to the plate; or when the plate itself was made of 
extraordinary thickness, the vibration is molecular. The curious 
sounds heard in the telephone were deseribed ; some of them had 
been ascertained to proceed from earth currents. The instrument 
was more sensitive than a galvanometer to ascertain imperfections in 
the wire, or imperfect connections. 

“The cornet player at last arrived. He was borrowed for a brief 
period from the orchestra of a neighboring theatre. He played two 
tunes, the latter one being very distinctly heard. When the note 
happened to strike the fundamental note of the telephone box, it 
sounded abnormally loud; otherwise it was fairly rendered. The 
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voice in Professor Bell’s instrument sounds very much as though it 
had come through a very lone speaking-tube. Some practice is 
necessary to catch the words uttered, the vibrations giving a sort of 
confusing rattle. Nevertheless, the success of the transmission is 
unquestionable. 

“After Professor Bell had finished speaking, the different members 
of the audience listened at the instrument, and some of them con- 
versed with Mr. Gower, who was at the telegraph office, No. 340 
Fulton street, Brooklyn. Much laughter was occasioned by Profes- 
sor Bell getting the word Fulton wrong, after asking Mr. Gower 
where he was; Professor Bell understood him to say ‘Beacon street,’ 
perhaps having Boston in his mind. The proprietors of the St. 
Denis Hotel invited the visitors to a repast after the exhibition.” 

New York daily papers preceding Chickering Hall lecture, May 
17, 1877:— 

New York, April 7, 1877. 
. Professor A. GrataM Bei, Boston University: 

* Dear Sir,—The interest excited during the Centennial Exhibi- 
tion by your experiments with your tele »phone, holding communica- 
tions in audible speech with persons many miles away, and the 
published accounts of your improvements in the wonderful instru- 
ment, prompt us to request that you will deliver in our city, on some 
evening convenient to yourself, a lecture on sound and electricity, 
with an exhibition of your speaking telephone, showing what can be 
done by it, and making known its scientific and commercial value. 

“Very truly, etc., 

“FEF. A. P. Barnarp | President Columbia College | 

Howarp CROSBY | Chancellor of New York University |. 

Henry Morron | Stevens means: School). 

EK. L. Youmans | £ a. 2" Opu! lar Science Monthly). 

Cyrus W. Fievp [ Atlantic Cable}. 

Tos. T. Eckxerr | Pres. Atlantic and Pacific Tel, Co.). 

A. M. MAyYer | Slevens Se entific SC thool). 

Witiram Orton [ Pres. Western Union Tel. C'o.). 

d. ». NEWBERRY [| School of Mines, Columbia College}. 

ae CHANDLER [ Prof. ( ‘hemistry, College Phys. and Surgeons |. 

H. D. Noyes | Prof. Aural Surgery, Bellevue College}. 

Jno. W. Drarer [| Prof. Chemistry, New York University |.” 

Boston daily papers preceding Music [lall lectures of May, 
Lsi0:— 

* Boston, April 20, 1877. 
“ Professor ALEXANDER GRAHAM BELL: 

“ Str, — The undersigned, having followed with great interest the 
accounts of your discoveries and inventions in connection with the 
electric telephone, which have from time to time appeared in the 
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newspapers, and confident that the general public of the city in 
which your researches have been made will be glad to witness a 
practical exhibition of your telephone under your direction, 1 respect- 
fully request you to gratify this desire of your fellow-citizens at such 
time and place as may be most convenient to you. 


“ BENJAMIN Prerce [ Prof. Mathematics, Hartard College]. 

JOSEPH LOVERING | Prof. Physics, Bier vard College). 
E .N. Horsrorp [ formerly Rumford Prof., Lawrence S. School]. 
Henry W. LONGFELLOW . Cambridge). 
Gro. B. EMERSON | Boston |. 

W. Hotmes | Boston | ic 
Cartes W. Enror [ Pres. University at Cambridge}. 
ALEXANDER H. Rice [ Governor of Massachusetts |. 
NEHEMIAH Gipson | Boston). 
Freperick O. Prince [afterwards Mayor of Boston]. 
Wittiam F. Warren | Cambridge) 
Joun D. Runkue [ Mass. Inst. Technology and Naut. Al.). 
C. F. Apams [ Quincey]. 
Woctcotr Gripss [ Prof. Lawrence Scientific School}. 


Epwarp C. Pickrerine [| Prof. Physics Mass. Inst. Tech., now 
Director of the Observatory at Cambridge ).” 
The Scientific American, Oct. 6, 1877: — 


“THE NEW BELL TELEPHONE. 


“The telephone has advanced considerably beyond the status of a 
‘beautiful scientific toy,’ which many hastily pronounced it, and is 
now in constant use on numerous private lines in New York, Bos- 
ton, and Providence. Professor Bell recently exhibited it before 
the British Association at Plymouth, England, where it attracted 
great attention. It is at present manufactured by the Telephone 
Company, of New York, Mr. Charles A. Cheever, Manager, 32 
Tribune Building, in this city. 

The Popular Scientific feview {an English publication] for 1 
» 429 :— 


“THe TELEPHONE.—During the recent session of the British Asso- 
ciation at Plymouth, the lion’s share of attention was unquestionably 
cviven to the telephone. Wherever the instrument was to be ex- 
hibited, whether in the physical or in the mathematical sections, or 
at Mr. charge on evening lecture, there were always crowded 
audiences, eager to learn something about so novel an apparatus. 
At the tat Se slg the telephone stood above everything else as the 
centre of attraction, and knots of people were crowded round the 
Instrument, anxious to converse with friends in distant apartments. 
The interest in this subject culminated on the arrival of Professor 
Graham Bell, the inventor of the talking telegraph.” 
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A paper by W. H. Preece on the telephone, in the Philosophical 
Magazine for April, 1878, beginning as follows :— 


“The introduction of the speaking telephone by Alexander Gra- 
ham Bell has supplied physicists with an instrument of research, as 
well as with an instrument of practical utility.” 


Westminster Review, January, 1878 (p. 208) :— 

“Of all modern inventions connected with the transmission of tele- 
graphic signals, the telephone, devised by Mr. Alexander Graham 
Bell, has. excited the most wide-spread interest and wonder. Wher- 
ever Mr. Bell has appeared before the public to give an account of 
his invention and the researches which have led up to it, crowds 
have assembled to hear him. Nor is this astonishing; for the tele- 
phone professes not only to convey intelligible sign: als to ereat dis- 
tances without the use of a battery, but to transmit in fae simile the 
tones of the human voice, so that a voice shall be as certainly recog- 
nized when heard over a distance of a few hundreds of miles as if 
its owner were speaking in a room by our side. And the telephone 
does not fall short of its profession. Scientific men have had their 
wonder and curiosity aroused even more than the unscientific public, 
since a scientific man appreciates the enormous difficulties to be 
overcome before such an instrument can be realized. Had any 
hardy speculator a few years ago proposed a telephone which should 
act on the principle and be constructed in the form of Mr. Bell’s 
instrument, he would probably have been considered a lunatic.” .. . 

Chicago Tribune: — 

[Report of Gray's Lecture, Fb. 27, 1877.) 

“ Another development of the telephone was interesting in a sci- 
entific point of view. Prof. Bell, in his investigations, had gone a 
step beyond composite tones, although they were embraced in it, 
and developed the transmission of vocal sounds.” 

New York Tribune, April 3, 1877 :— 

“ After the first part of the programme had been executed, Mr. 
_ Elisha Gray came forward and addressed the audience. He was 
aware that great confusion existed in the popular mind as to what 
this telephone could perform; in particular, it had been confounded 
with the speaking telephone invented by Prof. A. Graham: Bell, of 
Boston. Prof. Bell, Mr. Gray said, was present in the audience.” 

Boston Daily Advertiser, April 5, 1877 :— 

“The first telephone line that was ever established has just been 
constructed between tiie office of Mr. Charles Williams, electrician, 
in this city, and his house in Somerville, and a conversation can be 
carried on with perfect distinctness. Mr. Bell was in New York on 
Tuesday evening, and conversed readily over the regular wires with 
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parties in this city. He lectures in Providence this evening 
Telephones.” 

Boston Post, Thursday Morning, April 5, 1877 :— 

“The telephone has been put into practical use; yesterday a line 
was opened from the office of Charles Williams, Esq., 109 Court 
street, to his house in East Somerville. The great value of this in- 
vention is thus manifested, for by its uses Mr. Williams is now able 
to converse with his family when separated from them by fully 
three miles of distance.” 

The Boston Daily Globe, April 5, 1877 :— 


‘PERFECTING THE TELEPHONE. 

“Professor A. Graham Bell, the inventor of the telephone, had 
the pleasure of assisting at the opening of the first regular telephone 
line in the world, a private line between the place of business of a 
gentleman in this city and his residence in Somerville. The instru- 
ment worked admirably, and the enterprising gentleman is very 
much pleased with his private telephonic wire between town and 
home. The practical value of Professor Bell’s invention is being 
newly proved every day. 

“ While the professor was in New York recently, he communicated 
with his associate in Boston, Mr. Watson, and the telephone trans- 
mitted conversation over 280 miles of space with wonderful clear- 
ness and distinctness of sound.” 

The Boston //erald, April 5, 1877: — 

“The first telephone line ever established has just been constructed 
between the office of Mr. Charles Williams, electrician, in this city, 
and his house in Somerville.” 

The Boston Traveller, April 5, 1877: — 

“The first telephone line ever established has just been constructed 
between the office of Mr. Charles Williams, in this city, and his house 
in Somerville.” 

Journal of the Telegraph, April 16, 1877: — 

“ The first regular telephone line has been put in operation between 
the place of business of Mr. C. Williams, 109 Court Street, Boston, 
Mass... and his residence in Somerville, a distance of about three 
miles. Mr. Williams states that it works well, and that ‘ conversa- 
tion can be carried on by it nearly as well as if in the same room.’ ” 

The Daily Graphic, New York, Wednesday, May 23, 1877 :— 

“The telephone is quickly working out a practical application. A 
Boston company is prepared to furnish telephonic communication 
between places not over twenty miles apart. The advantages are 
thus set forth: No skilled operator employed; a little practice 
makes any one master of the telephone ; communication more rapid, 
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the telephone transmits one or two hundred words per minute; the 
old teleer: aph apparatus averages not more than twenty ; no expense 
required i in its operation; no battery needed ; two tele ‘phones con- 
necting two houses may be leased for $20 per year. The company 
keep the instruments in working order. It must be understood that 
the rental mentioned above is for the use of the telephonic instru- 
ment. <A telegraph line, when required, will cost from $LO0O to $150 
per mile.” | 

The Boston Flerald, May 19, 1877: — 

‘PRACTICAL USE OF THE TELEPHONE, 

“A telephgne is to be placed in the City Hall, Cambridge, in the 
office of the Water Board, to establish communication with the water 
works at Fresh Pond. A line of wire has been constructed, it being 
originally intended for the use of the printing telegraph. <At the 
suggestion of Hon. Gardiner G. Hubbard, a telephone is to be sub- 
stituted, that gentleman guaranteeing that the city sh: ul be subjected 
to no expense unless the machine proves satisfactory. 

Boston Daily Advertiser, May 19, 1877 :— 

“THE FIRST PRACTICAL APPLICATION OF THE TELEPHONE. 

“The Water Board of Cambridge has decided to have telephone 
communication with the water works at Fresh Pond, in order to 
facilitate the sending of messages. The Board has accepted the 
offer of Mr. Gardiner G. Hubbard to place the telephone in opera- 
tion, the city to be at no expense unless the arrangement proves 
satisfactory. Mr. Hubbard was formerly President of the Board, 
and feels interested in having C ‘ambridge first to apply the wonder- 
ful invention to public serv ice.” 


Boston Evening Transcript, May 18, 1877 :— 


“THE TELEPHONE. 

‘ Another successful series of experiments with the telephone was 
made yesterday afternoon at the rooms of Professor Holmes, electri- 
cian, on Washington street. At this place Mr. T. M. Carter played 
several cornet solos, which were distinctly heard at the rooms of 
Messrs. Brewster, Bassett & Co., on Congress street, at a branch 
oflice on Court street, and in Somerville. 

“In response, Mrs. Williams sang several songs in Somerville, 
which were plainly heard at these points above mentioned in this 
city; and singing from the Court street office was heard in all the 
other places. 

* Conversation was also carried on between the several points con- 
nected with perfect ease.” 


EVIDENCE FOR COMPLAINANTS IN REPLY. 


Evidence taken on behalf of complainants before Samuel Bell, 
tsq., Special Examiner, at the office of Charles Howson, Esq., No. 
119 South Fourth Street, Philadelphia, this eighteenth day of May, 
188). 


Present, FurMAN SHEPPARD, Esq., for Respondents. 


CuarLes Howson, Esq., for Complainants. : 


Complainants’ counsel offers in evidence, copy, certified by the 


Commissioner of Patents, of the specification and drawing of Letters 


Patent of the Kingdom of Great Britain and Ireland, No. 4,765 
dated Dee. 9, 1876, sealed May 15, 1877, granted to William Mor. 


\ gan-Brown, for Improvements in “ Electric Telephony ” &e., a 


< 


communication from Alexander Graham Bell, of Boston, Massachu- 


setts, United States of America, and which is marked “ Complainants’ 
Exhibit, Certified Copy of Bell’s English Patent,” Samuel Bell, 
Special Examiner. 


COMPLAINANT’S EXHIBIT “CERTIFIED COPY OF BELL’S 
ENGLISH PATENT,’ SAMUEL BELL, SPECIAL EXAMINER. 


DEPARTMENT OF THE INTERIOR. 


Unirep States PATENT OFFICE. ) 


To all persons to whom these presents shall come, Greeting: — 


This is to certify that the annexed has been carefully compared 
with the Bound Volumes of the Library of this Office, and is a true 
copy of the Specification and Drawing of Letters Patent of the United 
Kinedom of Great Britain and Ireland, No. 4,765, dated Decem- 
9, 1876, sealed May 15, 1877, granted William Morgan-Brown, for 


[mprovements in Klectrie Telephony, &ce. 


QV4 EVIDENCE FOR COMPLAINANTS IN REPLY. 


In testimony whereof 1, M. V. Montgomery, Commissioner of 
Patents, have caused the Seal of the Patent Office to be affixed this 
twelfth day of May, in the year of our Lord, one thousand eight 
hundred and eighty-five, and of the Independence of the United 


States the one hundred and ninth. 


Seal of the ) M. V. MONTGOMERY, 
U.S. ca 
Patent Office. j Corvin mSSLONET. 


A.D. 1876, 9th DecempBer. N° 4765. 


ELECTRIC TELEPHONY. 


LETTERS PATENT to William Morgan-Brown, of the firm of 
Brandon and Morgan-Brown, Engineers and Patent Agents, of 
68, Southampton buildings, London, and 1, Rue Lafitte, Paris, 
for the invention of “IMPROVEMENTS IN ELectric TELEPHONY 
(TRANSMITTING OR CAUSING SouNpDS FOR TELEGRAPHING MEs- 
SAGES) AND TELEPHONIC Apparatus.” A communication from 
abroad by Alexander Graham Bell, of the University of Boston, 
Massachusetts, United States of America, Professor of Vocal 
Physiology. 


Sealed the 15th May 1877, and dated the 9th December 1876. 


PROVISIONAL SPECIFICATION left by the said William 
Morgan-Brown at the Office of the Commissioners of Patents 
on the 9th December 1876. 


WititiAM MorGan-Brown of the firm of Brandon and Moregan- 
Brown, Engineers and Patent Agents of 38 Southampton Buildings, 
London, and 1 Rue Laffitte, Paris, “IwerovemMents IN ELEcTRIC 
TELEPHONY (TRANSMITTING OR CAUSING SOUNDS FOR TELEGRAPHING 
MESSAGES) AND ‘TELEPHONIC APPARATUS.” 

In all previous systems of telegraphy, messages have been received 
either by means of chemical changes produced by the action of the 
electrical current, as in the various forms of automatic and auto- 
graphical telegraphs, or by means of the mechanical movement of a 
portion of the receiving instrument operating to produce a visible . 
signal, as in needle telegraphs, a mark upon paper or other mate- 
rial, as in printing telegraphs, or a sound as in the Morse system. ¢ 
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Upon these and all other plans, it has been found difficult if not im- 
possible to distinguish between more than four messages transmitted 
simultaneously over the same circuit, two in each direction. 

This present invention relates to the reproduction by the neces- 
sary receiving instruments, of any particular sounds or combination 
of sounds, through the agency of an electric current, whereby a 
multiplicity of telegraphic messages may be sent simultaneously over 
a single circuit in the same or in opposite directions, and received 
without confusion, and whereby articulate speech may be electrically 
transmitted. 

The first part of the invention relates to the production or trans- 
mission of musical notes by means of intermittent impulses of voltaic 
electricity, and to the utilization of such musical notes as telegraphic 
signals, whereby two or more telegraphic messages can be sent 
simultaneously in the same direction, over a single circuit. 

The second part of the invention relates to the production or 
transmission of musical notes by means of intermittent impulses of 
induced electricity, whereby two or more telegraphic signals or mes- 
sages can be sent simultaneously over a single circuit, in the same or 
In opposite directions. 

The third part of the invention relates to the production or trans- 
mission of musical notes by means of undulatory currents of elec- 
tricity, one battery being used for the whole circuit, whereby 
two or more telegraphic signals’ or messages can be transmitted 
simultaneously over a single circuit, in the same or in opposite 
directions. 

The fourth part of the invention relates to the electrical produc- 
tion or transmission of sounds of every kind, by means of undulatory 
currents of electricity, whereby not only musicial sounds but articu- 
late speech can be transmitted over a telegraph line, and two or 
more messages be simultaneously sent over a single circuit in the 
same or in opposite directions. 

The fifth part of the invention relates to the electrical production 
or transmission of sounds of every kind, without a battery, by means 
of undulatory currents of electricity, whereby not only the musical 
notes but articulate speech can be transmitted over a telegraph line, 
and two or more messages be sent simultaneously over a single cir- 
cuit, in the same or in opposite directions. 

The sixth part of the invention relates to the automatic reception 
of signals or messages, by introducing at the receiving end of the 
line a local circuit containing a vibratory circuit: breaker, whereby 
telephonic signals or messages may be automatically recorded. 

The seventh part of the invention relates to the application of 
electric telephony to autographic telegraphy, whereby characters or 
marks of any description may be copied in fuc-semile at the receiv- 
ing end of the line. 


EVIDENCE FOR COMPLAINANTS IN REPLY. 


First PLAN. 


The first part of the invention, (illustrated in Figures 1 and 2 of 
sheet 1, and Figures 3, 4, and 5 of Sheet 2) consists of a method of, 
and apparatus for, transmitting two or more telegraphic messages or 
signals simultaneously along a single wire, by the employment of 
transmitting instruments, each of which occasions a succession of 
electrical impulses differing in rate from the others; and of recelv- 
ing instruments, each tuned to a pitch at which it will be put in 
vibration to produce its fundamental note, by one only of the trans- 
mitting instruments. 

The transmitting instrument T (Figure 1.) consists of an electro- 
magnet é, having a steel spring armature @, which is kept in con- 
tinuous vibration by the action of a local battery 4; the armature 
a, in the course of its vibration, brings the platinum rivet 7, alter- 
nately into contact with two platinum points /, and jm, one /, being 
placed in a local circuit 4, 8°, e, 7, 7, 8°, 0,and the other a, communi- 
cating with the line wire W, through the screw cap s'. 

The receiving instrument R, shown in plan in Figure 1, and in 
elevation in Figure 2, consists of an electro-magnet EK, having a coil 
upon only one of its legs. A steel spring armature <A, Is. firmly 
clamped by one extremity, to the uncovered leg of the electro-mag- 
net K, and its free end is allowed to project above the pole of the 
covered leg. Upon depressing the key IK (Figure 1.) a communi- 
cation is established between the main battery B, and the vibrating 
armature @, of the transmitter TT. When the rivet 7, touches the 
point m, the main circuit is completed. The currents of 2, pass to 
the ground at G, and the currents of c, pass through K, s, 7, m, s', 
to the line wire W, and thence through the electro-magnet E, of the 
receiver It, to the ground at G'.. When the rivet 7, leaves the point 
m, the main circuit Is broken. So long then as the key K, is de- 
pressed, the vibration of @, occasions an intermittent action of the 
current from the battery B, upon the line wire W, and the armature 
A, of the receiver Rh, is attracted in an intermittent manner by its 
electro-magnet E. 

When the makes and breaks of the circuit at m,7r, are timed to 
the normal movements of the armature A of the receiving instru- 
ment, that is, when A, is tuned to yield the same musical pitch, as 
the armature @, of the transmitting instrument, then the armature 
A, is thrown into strong vibration, thereby causing it to emit its 
musical note. 

When the key IK, is raised, the communication between the main 
battery B, and the transmitter T, is cut off, and A becomes silent. 
So long as the key IX is depressed, a musical note is emitted by A, 
and the duration of this note can be made to signify the dot or dash 
of the Morse alphabet. Thus a telegraphic despatch can be sent 
from T to R, by manipulating the key IX in the usual manner. 


6's) 7 


ENG. PAT. NO. 4,765 — PROVISIONAL SPECIFICATION. 


Kicures 3, 4, and 5, Sheet 2, illustrate the combination of these 
Instruments upon a telegraphic circuit, so as to permit of the sim- 
ultaneous transmission of a number of telegraphic messages along a 
single wire. 

The armatures of the transmitters and receivers that are num- 
bered alike at all the stations, have the same pitch. Thus the trans- 
mitter T?, of Figure 3, is the unison of the transmitter T?. at the 
station represented in Figure 4. and also of the receiver R®. at the 
stations shewn in Figures 3, 4, and 5. 

The sounds produced by the transmitters T, T', T?, &*., differ in 
pitch from one another, and are so arranged that each transmitter 
can affect one, and one only, of the receiving instruments R. Ri. h.*. 
& at each station upon the line. 

To illustrate the operation of this form of the invention, depress 
any key, say key K!. Figure 3.— A communication being thereby 
established between the main battery B, and the transmitting instru- 
ment T’, an intermittent current passes on to the main line through 
the receiving instruments Rh, R', Re. &°., of Figures 3. 4. and 5. to 
the earth at G. Figure 5. The receiving instruments R!. Figures 3. 
4 and 5. respond so long as the key K! Figure 3, is depressed, and 
become silent the moment it is raised. The other instruments kh. 
Re. &. at Stations Figures 3. 4 and 5. remain silent, so that a tele- 
vraphic message transmitted by the manipulation of key K!. Figure 
6. Is received upon only its corresponding receiving instrument at 
each station toward that station hereim shown as Fieure 5. where the 
receiving Instruments are connected directly with the earth. 

The instruments shewn in Figure 4. operate as just described for 
those of Figure 5, the depression of each key K. KX!. or K*. &. 
operating those receiving instruments In Stations 4 and 5. that are 
In unison with the transmitting instrument connected with the key 
but does not affect the instruments in Figure 3 or in that direction. 

To illustrate the simultaneous transmission of telegraphic messages 
by these instruments, an operator in the station shown in Figure 3. 
Is Supposed to mantpulate the key Ix, while at the same time an- 
other operator in station Figure 4 is transmitting an entirely 
different despatch by the manipulation of the key KX'. “The signals 
produced by the depression of key K, Figure 3, are received by the 
receivers KR, of Figures 3. 4. and 5. and the signals due to the man- 
ipulation of the key Kl. Figure 4. affect the receiving Instrument 


>] 


R!. of Figures 4 and 5. but not Ri. of Figure 35. or of any station 
in the direction of Figure 8, hence, although upon this plan two 
or more messages may be sent simultaneously over the same circuit 
from the same or different stations to the same or diferent stations, 
still as the signals pass only in one direction, two line wires are re- 
quired to complete communication in both directions. Intermittent 
currents adapted to work these instruments, may be produced 
without actually making and breaking the cireuit as hereinbefore 
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described, by suddenly increasing and diminishing the intensity of 
the current. Such currents are termed for the sake of distinction 
“pulsatory.” Intermittent and pulsatory currents may be of two 
kinds accordingly as the electrical impulses have all the same 
polarity, or are alternately positive and negative. In the former 
case they are termed “ direct,” in fhe latter. “reversed” currents. 
These distinctions are graphically illustrated in Figures 6 and 7. 


SECOND PLAN 


In order to secure communication in both directions upon a single 
circuit, the second portion of this invention was devised, and it Is 
illustrated in Figures 8,9, and 10. In these Figures the instru- 
ments employed are similar to those shown in Figures 1. 2. 3. 4and 
5. and like instruments are denoted by like letters, but instead of 
connecting the transmitting instruments T. T!. T?. &. directly with 
the receiving instruments R, Ri. he. &. as in Figures 3. 4. &. — 
they are connected with the primary wires of an induction coil I of 
usual construction, and the currents induced in the secondary wires 
of the coil are directed to the receiving instruments R, Rt. R*. &. 
on the line wire. By this arrangement, the receiving Instruments 
at the terminal stations Figures &. and 10. are connected directly 
with the earth at G, and signals made at any one station appear at 
all the stations on the cireuit. On this plan therefore, two or more 
messages may be sent simultaneously over a sinele circuit, in- the 
sume or in opposite directions. 


Thirp PLAN 


In the methods heretofore described, employing intermittent cur- 
rents of electricity, the limit to the number of signals that can be 
sent simultaneously over the same wire, is very speedily reached ; 
for when a number of transmitting instruments having different 
rates of vibration are simultaneously making and breaking the same 
circuit, the effect upon the main line is practically equivalent to one 
continuous current. In addition to this objection local and main 
batteries are required at every station on the line. Similar diffi- 
culties are experienced in employing pulsatory currents; to 
obviate these difficulties, the plan of using an undulatory current of 
electricity as deseribed in this third part of the invention, was 
devised. 

[t has long been known that whena permanent magnet is caused 
to approach the pole of an electro-magnet a current of electricity 1s 
induced in the coils of the latter, and that waen it is made to recede, 
a current of opposite polarity to the first appears upon the wire. 
When, therefore, a permanent magnet is caused to vibrate in front 
of the pole of an electro-magnet, an undulatory current of electricity 
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is induced in the coils of the electro-magnet, the undulations of 
Which correspond in rapidity of succession to the vibrations of the 
magnet, in polarity to the direction of its motion, and in intensity to 
the amplitude of its vibration or, rather, to the velocity cf its mo- 
tion. <A current of this character is graphically represented in line 
d. Figure 7, Sheet 1,.. When the permanent magnet is caused to 
Vibrate in front of the pole of an electro-magnet which is placed in 
circuit with a voltaic battery, the undulatory current induced by the 
vibration of the permanent magnet, is superposed upon the voltaic 
current. When the induced impulse is of similar polarity to the 
voltaic current, it serves to strengthen the intensity of the latter, 
but when it is of opposite polarity it tends to neutralize the voltaic 
current. In such an arrangement the resultant effect of the vibra- 
tion of the permanent magnet, is to throw the battery current into 
waves, as In line 6, Figure 6, by alternately increasing and dimin- 
ishing the intensity of the current, such increase and diminution in 
the intensity of the current, does not take place with the sudden- 
ness characteristic of a pulsatory current, (see line 2. Figure 6,) 
but is proportional to the increase and diminution of the density of 
the air during the vibration of the inducing body. 

The various kinds of electrical currents denominated intermittent, 
pulsatory and undulatory are graphically represented in Figures 6 
and 7. In Figure 6, the currents are direct, that is the electrical 
impulses 67, 42, 42, &° are all of the same polarity, either positive or 
negative, and in Figure 7, the currents are “reversed,” that is, the 
electrical impulses are alternately positive and negative. 

Direct intermittent current, (shewn in line 1, Figure 6,) — The 
impulses 6? 6? &, are all of positive, or all of negative electricity, 
and the vertical thickness of the lines 4? 42 &°, measured from the 
zero line and 2! 2' represents the intensity of the current at the part 
observed. The horizontal extension of the line /2 indicates the du- 
ration of the electrical impulse and the horizontal extension of the 
space 7? shews the length of time the current is absent from the 
circuit. 

Reversed intermittent current (shewn in line 1, Figure 7,) — im- 
pulses of positive electricity are represented above, and impulses of 
negative electricity below the zero line z! z!, and the impulses J? d? 
are respectively positive and negative or vice versa. 

Direct pulsatory current (shewnin line 2, Figure 6,) — The cur- 
rent of electricity represented, is continuous, but it changes suddenly 
in Intensity, the elevations 4242 & indicating the impulses of maxi- 
Wun intensity, ana the depressions C2 CF the impulses ot minimum 
intensity. As before the vertical thickness of the line indicates the 
strength of the current. 

Reversed pulsatory current (shewn in line 2, Figure 7) — The 
impulses 4? d? are alternately positive and negative, without any 
break in the continuity of the current. 
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Direct undulatory current (shewn inline 3, Figure 6,)—As before 
the vertical thickness of the line represents the strength of the 
current, the elevations 42 42 &° express the impulses of maximum 
intensity and @ @ & those of minimum intensity. The changes 
of intensity as illustrated in line 3, do not occur with the suddenness 
characteristic of pulsatory currents as shewn in line 2, but are propor- 
tional to the changes in the density of the air during the production 
of a sound. 

Reversed undulatory current (shewn in line 8, Figure 7,)—The 

elevations 42 4? & indicate impulses of positive, and the depressions 
d2 d/? impulses of negative electricity, the vertical thickness of the 
portions 4? @2 indicating the intensity of the positive or negative 
iunpulse at the part observed. The oscillations of the current above 
and below the zero line, correspond to the increase and diminution 
of the density of the air during the production of a sound, hence, 
the elevations 42 42 &e, correspond to condensations of air and the 
depression 2 d2 & to rarefactions the intensity of the positive or 
negative impulses being proportioned to the degree of density or 
rarity of the air. 
The differences between intermittent, pulsatory and undulatory 
currents, will be more clearly understood by describing and illustrat- 
ting the condition of the electrical current when the attempt is made 
to transmit two musical notes simultaneously first upon one plan and 
then upon the others, let the interval between the two sounds be a 
major third; then their rates of vibration are in the ratio of 4 to 5. 
Now when an intermittent current is used, the circuit is made and 
broken 4 times by the armature @ Figure 11 Sheet I of one trans- 
mitting instrument, in the same time that 5 makes and breaks are 
caused by the armature a! of the other transmitting instrument. 
A2 and Bb? Figure 11 represent the intermittent currents produced, 
four impulses of B? being made in the same time as five impulses of 
A2?;6 6° & Figure 11 shew where and for how lone at ime the circuit 
is made, and f#? 77, &, indicate the duration of the breaks of the 
circuit. ‘The line A? + B?, shews the total effect upon the current 
when the armatures ¢, a’, Figure 11 are caused simultaneously 
to make and break the same circuit, and the combined effect upon 
the current passing through the receiver R, shewn at A? +B? Figure 
11 is very nearly equivalent to a continuous current. 

When many transmitting instruments of different rates of vibra- 
tion, are simultaneous!y making and breaking the same circuit the 
current upon the main line become for all practical purposes contin- 
uUOUS. 

When the armatures @, a’, are arranged upon circuit as shewn in 
Figure 12, pulsatory currents traverse the coils of the receiving 
instrument R. The line A? represents the pulsatory current due to 
the action of one armature @, and the line B2, the action due to the 
other armature a’; 6°, 6? &, represent impulses of maximum inten- 
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sity and c?, c?, & impulses of minimum intensity. Four impulses 
of B? are made in the same time as five impulses of A , and the line 
A? +B? represents the total effect upon the current passing through 
the coils of the receiver R, when the armatures @,and a’, are 
caused to vibrate simultaneously. This effect is nearly equivalent to 
a continuous current of mimimum intensity. 

Next, consider the effect when undulatory currents are employed. 
Electrical undulations, induced by the vibration of a body M, Figure 
13, capable of inductive action, can be represented graphically, by 
the same sinusoidal curve which expresses the vibration of the in- 
ducing body itself for, as above stated, the rate of oscillation in the 
electrical current is the same as that of the inducing body. The 
intensity of each induced impulse, is proportional to the velocity of 
the motion of the inducing body; and the polarity of each induced 
impulse, depends upon the direction of the motion of the inducing 
body to or from the pole of its electro-magnet. The sinusoidal 
curves A? and B?, figure 13, represent graphically the electrical 
undulations induced in a circuit by the vibration of permanent mag- 
nets M and M!' or other bodies capable of inducting action. 

The portions 42, 6? & represent impulses of positive electricity ; 
and 2, d*, & impulses of negative electricity. The horizontal line 
z', 22, represents the zero of current, and the vertical distance of 
any portion of the curve 42, or d?, from the zero line expresses the 
intensity of the positive or negative impulse at the part observed. 

The vibrations represented by the sinusoidal curves DB? and A®, 
Figure 13, are in the ratio aforesaid, of four to five that is four oscil- 
lations of B are made in the same line as five oscillations of A?. 

The combined effect of A? and B? when induced simultaneously 
on the same circuit is expressed by the curve A*® + B’, Figure 15, 
which is the algebraical sum of the sinusoidal curves A*® and B?* in 
Figure 14 the permanent magnets M and M' are caused to vibrate in 
front of the poles of electro-maenets ¢, e', placed in circuit with a 
battery B. By such an arrangement the battery current is thrown 
into waves. The lines A? B® represent the undulatory currents pro- 
duced respectively by the vibrations of M and M' and as in the 
instances four impulses of B? are made in the same time as five im- 
pulses of A®, the elevations 4°, 4°, indicate impulses of maximum 
intensity and the depressions ¢? c? & impulses of minimum intensity, 
The vertical distance of any portion of the curve 4°, c?, from the 
zero line z! z' expresses the intensity of the current at the part 
observed. The line A2 + B? expresses the resultant effect upon a 
current, when the permanent maenets M, M! are caused to simulta- 
neously vibrate. The curves A2 + B?, Figures 145 and 14, also indi- 
cate the actual motion of the air when the two magnets M, M are 
vibrated simultaneously. Thus when electrical undulations of differ- 
ent rates are simultaneously produced upon the same circuit the 
effect is exactly analogous to that occasioned in the air by the vibra- 
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tion of the inducing bodies; hence the co-existence upon a tele- 
graphic circuit of electrical undulations corresponding to sounds of 
different pitch, is inanifested not by the obliteration of the vibratory 
character of the current, as with intermittent and pulsatory current 
but by peculiarities in the shapes of the electrical undulations, or in 
other words, by peculiarities ia the shapes of the curves which 
represent those undulations. 

There are many ways of producing undulatory currents of electric- 
ity, dependent for effect upon the vibration or motion of bodies 
capable of inductive action. <A few of the methods that may be em- 
ployed are as follows : — When a wire through which a continuous 
current of electricity is passing is caused to vibrate in the neighbour- 
hood of another wire, an undulatory current of e ectricity is induced 
in the latter. When a cylinder upon which are arranged bar mag- 
nets is made to rotate in front of the pole of an electro-magnet, an 
undulatory current of electricity is induced in the coils of the elec- 
tro-magnet. 

Undulations are caused in a voltaic current by the vibration or 
motion of bodies capable of inductive action, or by the vibration 
of the conducting wire itself in the neighbourhood of such bodies. 
Electrical undulations may also be caused by alternately increasing 
and diminishing the resistance of the circuit, or by alternately 
increasing and diminishing the power of the battery. The internal 
resistance of a battery is diminished by bringing the voltaic elements 
nearer together, and increased by placing them farther apart. The 
reciprocal vibration of the elements of a battery, therefore, occa- 
sions an undulatory action in the voltaic current. 

The external resistance may also be varied : for instance let water 
or some other liquid of high resistance form part of a voltaic circuit, 
then the more deeply the conducting wire is immersed in the water 
or other liquid, the less resistance does the liquid offer to the passage 
of the current. Thence the vibration of the conducting wire in water 
or other liquid included in the circuit occasions undulations in the 
eurrent. The vertical vibration of the elements of a battery in the 
liquid in which they are imursed produces an undulatory action in 
the current by alternately increasing and diminishing the power of 
the battery. 

In illustration of one method of creating electrical undulations a 
form of apparatus is shewn in Figure 15. It is preferable to employ 
for this purpose «n electro-magnet E, Figure 15, having a coil upon 
only one of its lees. A steel spring armature A is firmly clamped 
by one extremity to the uncovered leg / of the magnet, and its free 
end is allowed to project above the pole of the covered leg. The 
armature A can be set in vioration in a variety of ways, one of which 
is by wind, and in vibrating it produces a musical note of a certain 
definite pitch. 

When che electro-magnet E, is placed in a voltaic cireuit B, E W 
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K', B, the armature A becomes magnetic, and the polarity of its 
free end is opposed to that of the magnet underneath. So long as the 
armature A remains at rest no effect is produced upon the voltaic 
current, but the moment it is set in vibration to produce its musical 
note a powerful inductive action takes place, and electrical undula- 
tions traverse the circuit above described. The undulatory current 
passing through the coil of the electro-magnet E! causes vibration in 
its armature A', when the armatures of the two magnets are normally 
in unison with one another, but the armature A! is unaffected by the 
passage of the undulatory current when the pitches of the two arma- 
tures are different. 

The instruments shown in Figure 15, are like in plan to the receiv- 
ing instruments R, R', &, of Figures 1, 2, 3, 4, 5, 8,9, 10. A num- 
ber of instruments may be placed upon a telegraphic circuit, as in 
Figures 16, 17, 18. When the armature of any one of the instru- 
ments is set in vibration, all the other instruments upon the circuit, 
which are in unison with it, respond, but those which have normally 
a different rate of vibration, remain silent. Thus if Rh, Figure 16, be 
set in vibration, the armature of the receivers R, Figures 17, 18 
vibrate also but all the others on the cireuit, remain still. So if R!, 
Figure 17, is caused to emit its musical note, the instruments RK! shewn 
in Figures 16 and 18 respond. They continue sounding so long as 
the mechanical vibration of R!, Figure 17, is continued, but become 
silent with the cessation of its motion. The duration of the sound 
may be used to indicate the dot or dash of the Morse alphabet, and 
thus a telegraphic dispatch may be indicated by alternately interrupt- 
ing and renewing the sound. 

When two or more instruments of different pitch are simultaneously 
‘aused to vibrate, all the instruments of corresponding pitches, upon 
the circuit are set in vibration each responding to only that instru- 
ment used as a transmitter, with whieh it is in unison. Thus the 
signals of R, Figure 16, are repeated by R of Figures 17 and 18 but by 

no other instrument upon the circuit, the signals of R!, Figure 18, by 
v!, Figures 16 and 17, and the signals of R2, Figure 17, by R2, Figures 
16 and 18, whether R, Figure 16 R', Figure 18 and kh, «igure 17, 
are successively or simultaneously caused to vibrate. Hence by these 
instruments two or more telegraphic signals or messages may be sent 
simultaneously over the same circuit w:thout inverfering with one 
another, a single battery B being used for the whole circuit. These 
instrument may used for the simultaneous transmission of musical 
notes differing in loudness as well as in pitch. 

When the armature A, Figure 15, is set in vibration, the armature 
A? responds not only in pitch, but in loudnes. Thus when A vibrates 
with little amplitude, a very soft musical note proceeds from A!, and 
when A vibrates forcibly the amplitude of the vibration of At is con- 
siderably increased and the resulting sound becomes louder: so if 
R and k', Figure 16, are sounded simultaneously (RR loudly and 


[ 


234. EVIDENCE FOR COMPLAINANTS IN REPLY. 


R! softly) the instruments R, Figures 17 and 18 repeat loudly the 
signals of R Figure 16 and R' Figures 17 and 18 repeat softly those 
of R', Figure 16. 


Fourtu PLAN. 


In the plans so far described, a separate instrument is employed 
for every pitch and the electrical vibrations for different pitches are 
combined upon the wire, each armature being capable of transmitting 
or receiving but a single note, and thus as many separate Instruments 
are required as there are messages or musical notes to transmit. 

In this fourth part of the Invention a single instrument is employed, 
the armature of which can be set in vibration by a musical instru- 
ment or by the tones of a human voice or by any sound whatever. 

This fourth Plan is) represented in Fieures 21, 22 and 23 
wherein is shewn a single telephone at each station in place of the 
transmitting and receiving Instruments heretofore described, the tele- 
phones being illustrated separately in Figures 19 and 20. 

One of the ways in which the armature A, Figure 15, may be set in 
vibration has been stated to be by wind. Another mode is shewn in 
Figure 19 whereby motion can be imparted to the armature by the 
human voice or by means of musical instrument or by sounds of any 
kind. 

The armature A, Figure 19, is fastened loosely by one extremity to. 
the uncovered leg / of the electro-magnet IK, and its other extremity 
is attached to the centre of a stretched membrane n. A cone C? is 
is used to converge sound vibrations upon the membrane. When a 
musical note is made in the neighborhood of the membrane nz it is set 
In vibration, the armature A Is caused to partake of the motion, and 
thus electrical undulations are created upon the circuit G. B, E, W, 
Iy', G'. The armature A‘ is thus thrown into synchronous vibration 
with the armature A emitting a musical note of similar pitch to that 
which originated the vibration of armature A. If two or more mu- 
sical notes be simultaneously sounded in the neighborhood of the 
cone C? the resultant motion of the air is copied by the membrane n, 
to which the armature A is attached and this armature A acting in- 
ductive by upon the current traversing the coils of the electro-mag- 
net KE occasions an Increase and diminution in its utensitv and the 
armature A‘ is thrown into vibration by the Varying attraction of the 
electro-magnet I! to which it is attached, and thus imparts to the air 
atn', a facsrmile copy of the motion of the air that acted upon the 
membrane 7 henee two or more musical notes or telegraphic Messages 
can be sent simultaneously along a single circuit from one station to 
another by means of one instrument at each station. 

Instead of the cone membrane and armature shewn in Figure 19, 
a plate of thin steel may be used, the vibrations of the plate in front 
of the magnet occasioned by the motion of the air during the produc- 
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tion of sound, changes the intensity of the current as hereinbefore 
described, and occasions a similar motion in a similar steel plate in 
front of another electro-magnet at another station in the circuit. Such 
a plate is shewn in Figure 20 and marked A? it being attached to a 
frame F, The telephonesshewn in Figures 21 to 26 are of the kinds 
shewn in Figure 20. This Invention is not limited however to the use 
of a steel plate but includes within its scope any materials capable of 
inductive action upon a current of electricity. In this plan an oper- 
ator at station, Figure 21, may send a telegraphic message on a 
certain pitch while another operator at. another station, say Figure - 
22, is transmitting another message on a different pitch, and both 
sounds will be audible at all the stations in. the cireuit. 

The receiving operators will pay attention to signals of only one 
pitch, hence by this plan, the simultaneous transmission of a num- 
her of telegraphic messages over a single circuit in the same or both 
directions with a single main battery for the whole circuit and a sin- 
gle telephonic instrument at each station, is rendered. possible. 
Whatever sound is made in the neighborhood of any telephone, say, 
T, e, Figure 21, is echoed in fves*mile by the telephones T, e, of all 
the other stations, hence this fourth plan is also adapted for the en- 
tirely new use of transmitting intelligibly, the exact sounds of artic- 
ulate speech 

To convey and articulate message, it is only necessary for the 
operator to speak in the neighborhood of a telephone, say, T, ¢, Figure 
21, and for the receiving operator at another instrument, say, T, e, 
Fieure 25, to listen. 

[If two persons speak simultaneously in the neighborhood of the 
same or different telephones, the utterances of the two speakers are 
reproduced simultaneously by all the other telephones on the same 
circuit, hence by this plan vocal messages may be transmitted simul- 
taneously over the same circuit in the same or opposite directions, 
with one battery for the whole circuit, and one telephone at each 
station on the line. 

In this plan of transmitting vocal utterances it is only necessary 
that the strength of the current should vary in intensity as the air 
varies In density during the utterance of the sound. 

All the methods of producing undulating currents of electricity 
hereinbefore described may be emploved in producing the undula- 
tions by which to transmit articulate messages. For imstance the 
vibrations of a membrane nay Cause a platinum wire to vibrate in 
water or other liquid cf high resistance included in the cireuit, and 
hence will oceasion changes in the intensity of the current traversing 
the cireult proportional to the chanees in) the density of the air 
which originally eave rise to the vibrations of the membrane, and 
hence the sounds uttered in the neighborhood of that membrane will 
be reproduced from a telephone on a distant part of the cireuit. 

In the fifth plan of the Invention illustrated in Figures 24, 25, and 
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26, the battery is omitted and a permanent magnet M3 is substituted 
for the soft iron core of the electro-magnets used in the other tele- 
phones; or the coils shown in Figures 24, 25, and 26 may be 
induction coils of usual construction, local batteries being placed in 
circuit with the primary wires so as to magnetize the soft iron cores 
of the coils, the unduations induce in the secondary wires by the 
vibration of the plates A? being directed upon the line wire. 

The sixth plan of the Invention is represented in Figures 27, 28, 
and 29, Figure 27 being a side view of a receiving instrument kh, 
having a magnet E and armature as before described, and provided 
also with a vibratory circuit breaker V; this circuit breaker is de- 
signed for the purpose of enabling the armature A, to open or close 
a local circuit through the medium of the circuit breaker V;_ this 
circuit breaker consists of a light metallic lever normally resting up- 
on the point 5, preferably adjustable so as to close a local circuit. 
The extremity of the circuit breaker overhangs the free end of the 
armature A. 

When the armature A is thrown into vibration by the action of 
magnet E, the circuit breaker is lifted from the point 5, and it does 
not return until the cessation of the vibration of the armature A. 

In Figure 28, an arrangement is shewn whereby the lifting of the 
circuit breaker V opens a local circuit, in which is placed a Morse 
sounder 6, or other electrical apparatus. 

In Figure 29, the circuit breaker V normally “ short circuits ” the 
battery B, cutting off the current from the Morse sounder 6, or other 
apparatus, so that the lifting of the circuit breaker V permits the 
current from the battery B to actuate the telegraphic instrument 6. 
The vibrating circuit breaker V may be changed in construction, it 
only being necessary that it have normally a slower rate of vibration 
than the armature A by which it is vibrated. 

igure 30 represents an arrangement of transmitting instruments 
LT! T? &. and receiving instruments R R' &*. and vibratory circuit 
breakers V, Vi &. similar to those shewn in Figures 1, 2, 27, 
designed to produce automatically at the receiving end of the line a 
Jacsimile of whatever characters or marks are presented at the trans- 
mitting end. In this plan the messages or marks to be copied may 
be written or printed in non metallic ink on a metallic surface F 0, 
shewn in dotted lines (preferably tinfoil) or impressed upon the 
same. This metallic surface is placed upon a suitable metallic sup- 
port S preferably made as a roller, having its axis at 7 connected 
with the battery B and the earth G. At the receiving end a similar 
support S!, is connected in circuit witha battery B' and the vibratory 
circuit breakers V, V', V?, &*, and on this support is placed a piece 
or strip of chemically prepared paper P a, shown in dotted lines. 

The metallic surface Fo on which is written the message to be 
transmitted is moved between the support S and the ends of a series 
of wires 8. 9. 10. 11. 12. 13. & such ends being held by a non- 
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metallic holder or bar 14. The wires 8. 9. 10. & communicate with 
the armatures a, of transmitters T, T’, &°, similar to the transmitter 
T shewn in Figure 1. At the receiving end of the circuit the ends 
of a similar arrangement of wires 15, 16, 17, 18, 19 and 20 are held 
in place by a non-metallic holder 21, so as to rest upon the chemi- 
cally prepared paper P a. 

The metallic surtace Fo and the chemically prepared paper P a, 
are each moved in the direction of the arrows under their respective 
series of wires, but not necessarily at equal speed, and the characters 
or marks on the foil are copied on the prepared paper. 

When the end of any of the wires at the transmitting end, say 
wire 8, rests upon the metallic foil, a communication is established 
between the battery B and the armature a of the transmitter T, the 
platinum rivet 7, as heretofore described, vibrates and makes and 
breaks contact with the point m, so that an intermittent current of 
electricity appears upon the line wire W; so long then as the wire 
8 rests on the metallic surface F 0, the currents of ¢ pass through 7, 
S, Fo, 8, 7, m to the line wire W, and thence by branches through 
the receiving instruments kh, R', & to the earth at G'. 

The armature of the receiving instrument R, which is in unsion 
with the armature @ of the transmitter T, is thrown into vibration 
by the passage of the intermittent current, but the armatures of the 
other transmitting instruments R', R?, &, having a different rate of 
vibration from the armature of T, do not respond. 

The armature of the receiving Instrument R in the course of its 
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vibration, lifts the spring lever V, breaking the cireuit B' S', P, a, 
15, V, B'. So long then as the end of the wire 8 rests upon the 
metallic surface F, 0, the local circuit in which the wire 15 is placed 
remains open, and thus no mark is made upon the paper P, @, under 
wire 15. 

When, during the movement of the metallic surface F, 0, a portion 
of the non metallic ink comes under the end of the wire &; the con- 
nection between the battery B and transmitter T is broken, the 
receiver It becomes silent, the spring-lever V returns to its normal 
position, closing the circuit above described, and a mark is made 
upon that part of the chemically-prepared paper P, a, under wire 15. 

Each wire 9, 10 &. operates in a like manner to the wire 8, and 
the wires 16, 17, 18 &. operate as deseribed for wire 15. 

Any of the ordinary chemically prepared paper used in connection 
with ordinary systems of chemical or autograph telegraphs may be 
used. 
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SPECIFICATION in pursuance of the conditions of the Letters 
Patent tiled by the said William Morgan-Brown, in the Great Seal 
Patent Office, on the 9th June 1877. 


Winttiam MorGan-Brown of the Firm of Brandon and Morean- 
Brown Engineers and Patent Agents of 88 Southampton Buildings 
London, and 1 Rue Lathtte, Paris. “ IweroveEMENTS IN ELECTRIC 
TELEPHONY (TRANSMITTING OR CAUSING SOUNDS FOR TELEGRAPHIC 
MESSAGES) AND TELEPHONIC APPARATUS.” A communication from 
abroad by Alexander Graham Bell of the University of Boston, 
Massachusetts, United States of America, Professor of Vocal 
Physiology. 


This Invention of Improvements in electric telephony (transmit- 
ting or causing sounds for telegraphing messages) and telephonic 
apparatus relates to electric telephony and telephonie apparatus. 

In all previous systems of telegraphy messages have been received 
either by means of chemical changes produced by the action of the 
electrical current as in the various forms of automatic and autograph- 
ical telegraphs, or by means of the mechanical movement of a por- 
tion of the receiving instrument operating to produce a visible signal 
as in needle telegraphs, a mark upon paper or other material as in 
printing telegraphs, or a sound as in the Morse system. Upon these 
and all other plans it has been found difficult if not impossible to 
distinguish between more than four messages transmitted simultane- 
ously over the same circuit, two in each direction. 

This present invention relates to the reproduction by the neces- 
sary receiving Instruments of any particular sounds or combinations 
of sounds through the agency of an electric current whereby a multi- 
plicity of telegraphic messages may be sent simultaneously over a 
single circuit in the same or in opposite directions and received with- 
out confusion and whereby articulate speech may be electrically 
transmitted. 

The Invention relates to the production or transmission of musical 
notes by means of undulatory currents of electricity, one battery 
being used for the whole circuit whereby two or more telegraphic 
signals or messages cap be transmitted simultaneously over a single 
circuit In the same or in opposite directions. 

The Invention also relates to the electrical production or trans- 
mission of sounds of every kind by means of undulatory currents of 
electricity, whereby not only musical sounds but articulate speech 
can be transmitted over a telegraph line and two or more messages 
be simultaneously sent over a single circuit in the same or in oppo- 
site directions. 

The Invention also relates to the electrical production or trans- 
mission of sounds of every kind, without a battery, by means of 
undulatory currents of electricity, whereby not only musical notes 
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but articulate speech can be transmitted over a telegraph line, and 
two or more messages be sent snnultaneously over a single circuit in 
the same or in opposite directions. 

The Invention also relates to the automatic reception of signals or 
messages by introducing at the receiving end of the line a local cir- 
cuit containing a vibratory circuit breaker, whereby telephonic signals 
or messages may be automatically recorded. 

The Invention also relates to the application of electric tele- 
phony to autographic telegraphy whereby characters or marks 
of any description may be copied in faeszinle at the receiving end 
of the line. 

First Phan. 


The first method of and apparatus for transmitting two or more 
telegraphic messages or signals simultaneously along a single wire 
by the employment of transmitting Instruments, each of which ocea- 
sions a succession of electrical impulses differing in rate from the 
others and of receiving Instruments each tuned to a pitch at which 
it will be put in vibration to produce its fundamental note by one 
only of the transmitting Instruments as devised by my communi- 
cator, is illustrated in Figures 1 and 2 of Sheet 1, and in Figures 
3. 4 and 5. of Sheet 2 

The transmitting instrument T (Figure 1) consists of an eleectro- 
magnet e, having a steel spring armature a, which is kept in continu- 
ous vibration by the action of a local battery 4. The armature @ in 
the course of its vibration brings the platinum rivet 7 alternately into 
contact with two platinum points / and a, one /, being placed in a 
local circuit 4, s?, e, 7, 7, 8°, 6, and the other, m, communicating 
with the line wire W through the screw cap s'. 

The receiving instrument Rh, shown in plan in Figure 1, and in 
elevation in Figure 2, consists of an electro-magnet E, having a coil 
upon only one of its legs. A steel-spring armature A, is firmly 
clamped by one extremity, to the uncovered leg of the electro-magnet 
E, and its free end is allowed to project above the pole of the cov- 
ered leg. Upon depressing the key IX (Figure 1) a communication 
is established between the main battery B and the vibrating arma- 
ture a of the transmitter TT. When the rivet 7, touches the point m, 
the main circuit is completed. The currents of z pass to the ground 
at Gand the currents of ¢ pass through K. s. 7. m. s'. to the line 
wire W, and thence through the electro-magnet I of the receiver R 
tothe ground at G'. When the rivet + leaves the point m the main 
circuit is broken. So long then as the key JX is depressed, the 
vibration of a occasions an intermittent action of the current from 
the battery B upon the line wire Wand the armature A of the 
receiver R is attracted in an intermittent manner by its electro- 


“magnet Ks. 
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When the makes and breaks of the circuit at m. r. are timed to the 
normal movements of the armature A of the receiving instrument, 
that is, when A is tuned to yield the same musical pitch as the 
armature @ of the transmitting instrument, then the armature A Is 
thrown into strong vibration, thereby causing it to emit its musical 
note. | 

When the key K is raised, the communication between the main 
battery B and the transmitter T is cut cff and A becomes silent. So 
long as the key K is depressed, a musical note is emitted by A and 
the duration of this note can be made to signify the dot or dash of 
the Morse alphabet. Thus a telegraphic desp: itch can be sent from 
T to R by manipulating the key K inthe usual manner. 

Figures 3. 4, and 5, Sheet 2, illustrate the combination of these 
instruments upon a telegraphic circuit so as to permit of the simul- 
taneous transmission of a number of telegraphic messages along a 
single wire. | 

The armatures of the transmitters and receivers that are numbered 
alike at all the stations have the same pitch. Thus the transmitter 
T2 of Figure 3 is the unison of the transmitter T2 at the station rep- 
resented in Figure 4, and also of the receiver R2 at the stations 
shown in Figures 3, 4, and 5. 

The sounds produced by the transmitters T. T'. T9. &*. differ in 
pitch from one another, and are so arranged that each transmitter can 
affect one and one only of the receiving instruments R. R'. Rk. 
&°. at each station upon the line. 

To illustrate the operation of this form of the invention, depress 
any key say key, lk’, Figure 3. A communication being thereby 
established between the main battery B, and the transmitting instru- 
ment T', an intermittent current passes on to the main line through 
the receiving instruments Rk. R'. R®. &. of Figures 3, 4, and 5, to 
the earth at G, Figure 5. The receiving instruments R', Fig- 
ures 3, 4, and 5, respond so long as the key hk’, Figure 3, 1S 
depressed and become silent the moment it is raised. The other 
instruments hk. R*. &. at stations Figures 3. 4. and 5, remain silent 
so that a telegraphic message transmitted by the manipulation of key 
K', Figure 3, is received upon only its corresponding receiving in- 
strument at each station toward that station herein shown as Figure 
5, where the receiving instruments are connected directly w ith the 
earth. 

The instruments shown in Figure 4, operate as just described for 
those of Figure 3, the de ‘pression of each key K. K'. or K2. &. oper- 
ating those receiving instruments in stations 4 and 5 that are in 
unison with the transmitting instrument connected with the key, 
but does not affect the instruments in Figure 3 or in that direc- 
tion. 

To Hlustrate the simultaneous transmission of telegraphic mes- 
sages by these instruments an operator in the station shown in Fig- 
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ure 3 is supposed to manipulate the key K, while at the same time 
another operator in station, Figure 4, is transmitting an entirely differ- 
ent despatch by the manipulation of the key K'. The signals pro- 
duced by the depression of key K, Figure 3, are received by the 
receivers R of Figures 3. 4 and 5, and the signals due to the manipu- 
lation of the key K!, Figure 4, affect the receiving instrument R! of 
Figures 4 and 5, but not R! of Figure 3, or of any station in the 
direction of Figure 3. Hence although upon this plan two or more 
messages may be sent simultaneously over the same circuit from the 
same or different stations to the same or different stations, still as the 
signals pass only in one direction two line wires are required to 
complete communication in both directions. Intermittent currents 
adapted to work these instruments may be produced without actually 
making and breaking the circuit as hereinbefore described by sud- 
denly increasing and diminishing the intensity of the current. Such 
currents are termed for the sake of distinction “pulsatory.” Inter- 
mittent and pulsatory currents may be of two kinds accordingly as 
the electrical impulses have all the same polarity or are alternately 
positive and negative. In the former case they are termed “ direct” 
in the latter “reversed” currents. These distinctions are graphi- 
sally illustaated in Figures 6 and 7. | 


SECOND PLAN AS DEVISED BY MY COMMUNICATOR. 


In order to secure communication in both directions upon a single 
circuit this second plan was devised and it is illustrated in Figures 8. 
9and 10. In these Figures the instruments employed are similar to 
those shown in Figures 1. 2. 3. 4 and 5 and like instruments are de- 
noted by like letters but instead of connecting the transmitting in- 
struments T. T!. T?. &. directly with the receiving instruments R. 
R!, R®. &. as in Figures 3. 4 &. they are connected with the pri- 
mary wires of an induction coil, I, of usual construction, and the cur- 
rents induced in the secondary wires of the coil are directed to the 
receiving instruments R. R!. R?. &. on the line wire. By this ar- 
rangement the receiving instruments at the terminal stations Figures 
8 and 10 are connected directly with the earth at G.and signals made 
at any one station appear at all the stations on the circuit. On this 
plan therefore two or more messages may be sent simultaneously 
over a single circuit in the same or in opposite directions. 


Tuirp PLAN. 


In the methods heretofore described employing intermittent cur- 
rents of electricity the limit to the number of signals that can be 
sent simultaneously over the same wire is very speedily reached for 
when a number of transmitting instruments having different rates of 
vibration are simultaneously making and breaking the same circuit 
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the effect upon the main line is practically equivalent to one continu- 
ous current. In addition to this objection local and main batteries 
are required at every station on the line. Similar difhculties are 
experienced in employing pulsatory currents. To obviate these difh- 
culties the plan of using an undulatory current of electricity as de- 
scribed in this part of the Invention was devised. 

It has long been known that when a permanent magnet is caused 
to approach the pole of an electro-magnet a current of electricity Is 
induced in the coils of the latter and that when it is made to recede 
a current of opposite polarity to the first appears upon the wire. 
When therefore a permanent magnet is caused to vibrate in front of 
the pole of an electro-magnet an undulatory current of electricity 1s 
induced in the coils of the electro-magnet the undulations of which 
correspond in rapidity of succession to the vibrations of the magnet, 
in polarity to the direction of its motion and in intensity to the am- 
plitude of its vibration or rather to the velocity of its motion. A 
current of this character is graphically represented in line 3° Figure 
7, Sheet 1. When the permanent magnet is caused to vibrate in 
front of the pole of an electro-magnet which is placed in cireuit with 
a voltaic battery, the undulatory current induced by the vibration of 
the permanent magnet is superposed upon the voltaic current. 
When the induced impulse is of similar polarity to the voltaic cur- 
rent it serves to strengthen the intensity of the latter but when it ts 
of opposite polarity it tends to neutralize the voltaic current. In 
such an arrangement the resultant effect of the vibration of the per- 
manent magnet is to throw the battery currents into waves as in line 
d, Figure 6, by alternately increasing and diminishing the intensity 
of the current. Such increase and diminution in the intensity of the 
current does not take place with the suddenness characteristic of a 
pulsatory current (see line 2 Figure 6) but is proportional to the 
increase and diminution of the density of the air during the vibration 
of the inducing body. | 

The various kinds of electrical currents denominated intermittent, 
pulsatory, and undulatory are graphically represented in Figures 6 
and 7. In Figure 6 the currents are direct, that is, the electrical 
impulses 0°. 6°. 6°. &*. are all of the same polarity either positive or 
negative, and in Figure 7 the currents are “reversed,” that is, the 
electrical impulses are alternately positive and neeative. 

Direct intermittent current. (shown in Line 1 Figure 6) — Tho 
impulses 4°. 4°. & are all of positive or all of negative electricity and 
the vertical thickness of the lines 7°. 2%. &. measured from the zero 
line z'. 2’. represents the intensity of the current at the pert observed, 
The horizontal extension of the line 4° indicates the duration of the 
electrical impulse and the horizontal extension of the space 7? shows 
the length of time the current is absent from the circuit. 

Reversed intermittent current. (shown in line 1 Fieure 7)—Inr- 
pulses of positive electricity are represented above, and impulses of 
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negative electricity below the zero line z'. z'. and the impulses ?. d?. 
are respectively positive and negative or vice versa. 

Direct pulsatory current (shown in line 2, Figure 6)—The current 
of electricity represented is continuous, but it changes suddenly in 
intensity, the elevations °. &. &. indicating the impulses of maxi- 
mum intensity, and the depressions c*. c*. the impulses of minimum 
intensity. As before the vertical thickness of the line indicates the 
strength of the current. 

Reversed pulsatory current (shown in line 2 Figure 7) —The 
impulses O°. d*. are alternately positive and negative without any 
break in the continuity of the current. 

Direct undulatory current. (shown in line 5 Figure 6)—As before 
the vertical thickness of the line represents the strength of the cur- 
rent, the elevations 6°. 6%. &°. express the impulses of maximum in- 
tensity and c*. c*. &*. those of minimum intensity. The changes of 
intensity as illustrated in line 3 do not occur with the suddenness 
characteristic of pulsatory currents as shown in line 2 but are pro- 
portional to the changes in the density of the air during the produc- 
tion of a sound. 

Reversed undulatory current (shown in line 3 Figure 7) — The 
elevations 6°. 6°. &. indicate impulses of positive and the depres- 
sions d@*. d®. impulses of negative electricity, the vertical thickness of 
the portions, J*. @. indicating the intensity of the positive or negative 
impulse at the part observed. The oscillations of the current above 
and below the zero line, correspond to the increase and diminution 
of the density of the air during the production of a sound, hence 
the elevations 0°. O°. &. correspond to condensations of air, and the 
depressions d*. d°. &. to rarefactions, the intensity of the positive 
or negative impulses being proportioned to the degree of density 
or rarity of the air. 

The differences between intermittent pulsatory and undulatory 
currents will be more clearly understood by describing and illustrat- 
ing the condition of the electrical current when the attempt is made 
to transmit two musical notes simultaneously first upon one plan and 
then upon the others. Let the interval between the two sounds be 
a major third; then their rates of vibration are in the ratio of 4 to 
5. Now when an intermittent current is used, the circuit is made 
aad broken four times by the armature @, Figure 11, Sheet 1, of one 
transmitting instrument, in the same time that five makes and breaks 
are caused by the armature @ Ps the other transmitting instrument. 
A? and B’, Figure 11, represent’ the intermittent currents produced, 
four impulses of B? being made in the same time as five impulses of 
A*®. &. &. &., Figure 11, show where and for how long time the cir- 
cuit is made, and /*. f/*. &*. indicate the duration of the breaks of 
the circuit. The line A* + B® shows the total effect upon the cur- 
rent when the armatures a. a', Figure 11, are caused simultaneously 
to make and break the same circuit and the combined effect upon the 
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current passing through the receiver R shown at A? + B’, Figure 11, 
is very nearly equivalent to a continuous current. 

When many transmitting instruments of different rates of vibra- 
tion are simultaneously making and breaking the same circuit, the 
current upon the main line becomes, for all practical purposes con- 
tinuous. 

When the armatures a, a, are arranged upon circuit as shown in 
Figure 12, pulsatory currents traverse the coils of the receiving 
instrument R. The line A? represents the pulsatory current due to 
the action of one rieeemeing a and the line B?; the action due to the 
other armature a}. 07. 67. & '. represent impulses of maximum inten- 
sity, and c*. c*. &©. teach of minimum intensity. Four impulses 
of B? are made in the same time as five impulses of A?, and the 
line A? + Bb? represents the total effect upon the current passing 
through the coils of the receiver R when the armatures @ and a! 
are caused to vibrate simultaneously. This effect is nearly equiva- 
lent to a continuous current of minimum intensity. 

Next consider the effect when undulatory currents are employed. 
Electrical undulations induced by the vibration of a body M, Figure 
13, capable of inductive action, can be represented graphically by 
the same sinusoidal curve which expresses the vibration of the indu- 
cing: body itself, for as above stated the rate of oscillation in the 
electrical current is the same as that of the inducing body. The inten- 
sity of each induced impulse is proportional to the velocity of the 
motion of the inducing body, and the polarity of each induced im- 
pulse depends upon the direction of the motion of the inducing body 
to or from the pole of its electro-magnet. The sinusoidal curves ‘A2 and 
B*, Figure 13, represent graphic: lly the electrical undulations — 
in a circuit by the y ‘ibration of permanent magnets M and M', 
other bodies capable of inductive action. 

The portions 6?. 6°. &. represent impulses of positive electricity, 
and d?. d?. & impulses of negative electricity. The horizontal line 
z!, zl, represents the zero of current and the vertical distance of any 
portion of the curve J? or d? from the zero line, expresses the inten- 
sity of the positive or negative impulse at the part observed. 

The vibrations represented by the sinusoidal curves B? and A2, 
Figure 13, are in the ratio aforesaid of four to five, that is, four 
oscillations of B? are made in the same time as five oscillations of 
A*. ‘The combined effect of A* and B*, when induced simultaneously 
on the same circuit, is expressed bygthe curve A?+ B2, Figure 13, 
which is the algebraical sum of the sinusoidal curves A? and B2. In 
Figure 14, the permanent magnets M = M' are caused to vibrate in 
front of the poles of electro-magnets e . e!. placed in circuit with a bat- 
tery B. By such an arrangement the hatte ‘ry current is thrown into 
waves. ‘The lines A? and b? represent the undulatory currents pro- 
duced respectively by the vibrations of M and M!, and, as in the 
other instances, four impulses of LB? are made in the same time as 
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five impulses of A?. The elevations 0?. 62. &°. indicate impulses of 
maximum intensity, and the depressions c2 c?. &c. impulses of mini- 
mum intensity. The vertical distance of any portion of the curve 
6°. c2. from the zero line 2}, 2). expresses the intensity of the current 
at part observed. The line A2 + 5? expresses the resultant effect 
upon ‘the current when the permanent magnets M M! are caused 
simultaneously to vibrate. The curves A2 + B?, Figures 13 and 14, 
also indicate the actual motion of the air when the two magnets M 
M! are vibrated simultaneously. Thus when electrical undulations 
of different rates are simultaneously produced upon the same circuit, 
the effect is exactly analogous to ‘that occasioned in the air by the 
vibration of the inducing ‘bodies. Hence the co-existence upon a 
telegraphic circuit of electrical undulations corresponding to sounds 
of different pitch is manifested not by the obliteration of the vibra- 
tory character of the current, as with intermittent and pulsatory cur- 
rents, but by peculiarities in the shapes of the electrical undulations, 
or in other words, by peculiarities in the shapes of the curves which 
represent those undulations. 

There are many ways of producing undulatory currents of elec- 
tricity dependent for effect upon the vibration or motion of bodies 
capable of inductive action. <A few of the method that may be em- 
ployed are as follows: Whena wire through which a continuous cur- 
rent of electricity is passing is caused to vibrate in the neighbourhood 
of another wire, an undul: atory current of electricity is induced in the 
latter. When a cylinder upon which are arranged bar magnets is 
made to rotate in front of the pole of an electro-magnet an undu- 
latory current of electricity is induced in the coils of the electro- 
magnet. | 

Undulations are caused in a voltaic current by the vibration or 
motion of bodies capable of inductive action, or by the vibration of 
the conducting wire itself in the neighbourhood of sueh bodies. Elee- 
trical undulations may also be caused by alternately increasing and 
diminishing the resistance of the circuit or by alternately increasing 
and diminishing the power of the battery. The internal resistance of 
a battery is diminished by bringing the voltaic elements nearer 
together, and increased by pl: icing them farther apart. -The 
reciprocal vibration of the elements of a battery therefore occasions 
an undulatory action in the voltaic current. 

The external resistance may also be varied. For instance let 
water or some other liquid of high resistance form part of a voltaic 
circuit then the more deeply the conducting wire is immersed in the 


¢ water or other liquid the less resistance does the liquid offer to the 
e 


passage of the current. Hence the vibration of the conducting wir 
in water or other liquid included in the circuit occasions undulations 
in the current. The vertical vibration of the elements of a battery 


in the liquid in which they are immersed produces an undulatory 
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action in the current by alternately increasing and diminishing the 
power of the battery. 

In illustration of one method of creating electrical undulations, a 
form of apparatus is shown in Fig. 15. It is preferable to employ 
for this purpose an electro-magnet E, Figure 15, having a coil upon 
only one of its legs. A steel spring armature, A is firmly clamped 
by one extremity to the uncovered leg, 4, of the magnet, and its free 
end is allowed to project above the pole of the covered leg. The 
armature A can be set in vibration in a variety of ways one of 
which is by wind, and in vibrating it produces a musical note of a 
certain definite pitch. 

When the electro-magnet, E, is placed in a voltaic circuit B, E, 
W. E!. B, the armature A becomes magnetic, and the polarity of its 
free end is opposed to that of the magnet underneath. So long as 
the armature A remains at rest, no effect is produced upon the voltaic 
current, but the moment it is set in vibration to produce its musical 
note, a powerful inductive action takes place and electrical undulations 
traverse the circuit above described. The undulatory current pass- 
ing through the coil of the electro-magnet E! causes vibration in 
its armature A! when the armatures of the two magnets are nor- 
mally in unison with one another, but the armature A‘ is unaffected 
by the passage of the undulatory current, when the pitches of the 
two armatures are different. 

The instruments shown in Figure 15 are like in plan to the 
receiving instruments R R', &*., of Figures 1.2 3. 4.5. 8. 9. 10. 
A number of instruments may be placed upon a telegraphic circuit, 
asin Figures 16, 17,18. When the armature of any one of the 
Instruments is set in vibration, all the other instruments upon the 
circuit which are in unison with it, respond, but tnose which have 
normally a different rate of vibration remain silent. Thus if R, 
Fieure 16, is set in vibration, the armatures of the receivers R, 
Figures 17. 18, vibrate aiso, but all the others on the cireuit remain 
still. So if R', Figure 17, is caused to emit its musical note, 
the instruments Jt', shown in Figures i6 and 18, respond. They 
continue sounding so long as the mechanical vibration of R', Figure 
17, is continued, but become silent with the cessation of its motion. 
The duration of the sound may be used to indicate the dot or dash 
of the Morse alphabet, and thus a telegraphic despatch may be indi- 
ated by alternately interrupting and renewine the sound. 

When two or more instruments of different pitch are simultaneously 
caused to vibrate, all the instruments of corresponding pitches upon 
the circuit are set in vibration, each responding to only that instru- 
ment used as a transmitter with which it is in unison. Thus the 
sionals of R, Figure 16, are repeated by Rk of Figures 17 and 18, but 
by no other instrument upon the circuit. The signals of R', Figure 
18, by R', Figures 16 and 17, and the signals of R*, Figure 17, by R2, 
Figures 16 and 18, whether k, Figure 16, R', Figure 18, and R*, 
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Figure 17, are successively or simultaneously caused to vibrate. 
Hence by these instruments two or more telegraphic signals or mes- 
sages may be sent simultaneously over the same circuit without inter- 
fering with one another, a single battery, B, being used for the whole 
circuit. These instruments may be used for the simultaneous trans- 
mission of musical notes differing in loudness as well as in pitch. 

When the armature A, Figure 15, is set in vibration, the armature 
A! responds not only in pitch but in loudness. Thus when A 
vibrates with little amplitude a very soft musical note proceeds from 
A’, and when A vibrates forcibly, the amplitude of the vibration of 
A’ is considerably increased, and the resulting sound becomes louder. 
So if R and R', Figure 16, are sounded simultaneously (Rk loudly and 
R' softly), the instruments R, Figures 17 and 18, repeat loudly the 
signals of R, Figure 16, and R’', Figures 17 and 18, repeat softly those 
of h', Figure 16. 


Fourtnm PLan. 


In the plans so far described a separate instrument is employed 
for every pitch, and the electrical vibrations for different pitches are 
combined upon the wire, each armature being capable of transmitting 
or receiving but a single note, and thus as many separate instruments 
“are required as there are messages or musical notes to transmit. 

In this fourth part of the invention a single instrument is employed, 
the armature of which can be set in vibration by a musical instru- 
ment or by the tones of the human voice, or by any sound whatever. 

This fourth plan is represented in Figures 21, 22 and 23, wherein 
is shown a single telephone at each station, in place of the transmit- 
ting and receiving instruments heretofore described, the telephones 
being illustrated separately in Figures 19 and 20. 

One of the ways in which the armature A, Figure 15, may be set in 
vibration has been stated to be by wind. Another mode is shown in 
Figure 19, whereby motion can be imparted to the armature by the 
human voice, or by means of a musical instrument, or by sounds of 
any kind. 

The armature A, Figure 19, is fastened loosely by one extremity to 
the uncovered leg / of the electro-magnet E, and its other extremity 
is attached to the centre of a stretched membrane n. <A cone C? is 
used to converge sound vibrations upon the membrane. When a 
musical note is made in the neighbourhood of the membrane vn it is 
set in vibration, the armature A is forced to partake of the motion, 
and thus electrical undulations are created upon the circuit G. B. E. 
W. E'. G'. The armature A! is thus thrown into synchronous vibra- 
tion with the armature A, emitting a musical note of similar pitch to 
that which originated the vibration of armature A. If two or more 
musical notes be simultaneously sounded in the neighbourhood of 
the cone C?, the resultant motion of the air is copied by the membrane 
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nm to which the armature A is attached and this armature A, acting 
inductively upon the current traversing the coils of the electro-magnet 
E, occasions an increase and diminution in its intensity and the arma- 
ture A’ is thrown into vibration by the varying attraction of the 
electro-magnet E! to which it is attached and thus imparts to the air 
at n' a facsimile copy of the motion of the air that acted upon the 
membrane n, hence two or more musical notes or telegraphic mes- 
sages can be sent simultaneously along a single circuit from one 
station to another by means of one instrument at each station. 

Instead of the cone membrane and armature shown in Figure 19 
a plate of thin steel may be used the vibrations of the plate in front 
of the magnet occasioned by the motion of the air during the pro- 
duction of sound changes the intensity of the current as hereinbefore 
described and occasions a similar motion in a similar steel plate in 
front of another electro-magnet at another station in the circuit. 
Such a plate is shown in Figure 20 and marked A? it being attached 
toa frame F. The telephones shown in Figures 21 to 26 are of the 
kind shown in Figure 20. This invention is not limited however to 
the use of a steel plate but includes within its scope any material 
capable of inductive action upon a current of electricity. In this 
plan an operatcr at Station, Figure 21, may send a te legraph’ c mes 
sage on a certain pitch while another operator at another station, say, 
Figure 22, is transmitting another message on a different pitch and 
both sounds will be audible at all the stations in the circuit. 

The receiving operators will pay attention to signals of only one 
pitch, hence by this plan the simultaneous transmission of a number 
of telegraphic messages over a single circuit in the same or ye 
directions with a single main battery for the whole circuit and : 
single telephonic instrument at each station is rendered war-~ing 
W ih atever sound is made in the neighbourhood of any telephone say 
T. e. Figure 21, is echoed in fuc simile by the tele :phones T. e. of all 
the ake stations, hence this fourth plan is also adapted for the en- 
tirely new use of transmitting intelligibly the exact sounds of articu- 
late speech. . 

To convey an articulate message it is only necessary for the 
operator to speak in the neighbourhood of a telephone say 7’. e 
—— 21, and for the receiving operator at another instrument say 
T’. e. Figure 23, to listen. 

If two persons speak simultaneously in the neighbourhood of the 
same or different telephones the utterances of the two speakers are 
reproduced simultaneously by all the other telephones on the same 
circuit, hence by this plan vocal messages may be transmitted simul- 
taneously over the same circuit in the same or opposite directions 
with one battery for .the whole circuit, and one telephone at each 
station on the line. In this plan of transmitting vocal utterance it 
is only necessary that the strength of the current should vary in 
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intensity as the air varies in density during the utterance of the 
sound, | 

All the methods of producing undulatory currents of electricity 
hereinbefore described may be employed in producing the undula- 
tions by which to transmit articulate messages. For instance the 
vibrations of a membrane may cause a platinum wire to vibrate in 
water or other liquid of high resistance included in the circuit, and 
hence will occasion changes in the intensity of the current travers- 
ing the circuit proportional to the changes in the density of the air 
which originally gave rise to the vibrations of the membrane, and 
hence the sounds uttered in the neighbourhood of that membrane 
will be reproduced from a telephone on a distant part of the circuit. 

In the fifth plan of the Invention illustrated in Figures 24, 25 and 
26 the battery is omitted and a permanent magnet M? is substituted 
for the soft iron core of the electro-magnets used in the other tele- 
phones. Or the coils shown in Figures 24, 25 and 26 may be 
induction coils of usual construction, local batteries being placed in 
circuit with the primary wires so as to magnetize the soft iron cores 
of the coils. The undulations induced in the secondary wires by the 
vibration of the plates A® being directed upon the line wire. 

The sixth plan of the Invention is represented in Figures 27, 28 
and 29 Figure 27 being a side view of a receiving instrument, hk, 
having a magnet EK, and armature A,as before described, and provided 
also with a vibratory circuit breaker V. This circuit breaker is 
designed for the purpose of enabling the armature A to open or close 
a local circuit through the medium of the circuit breaker V. This 
circuit breaker consists of a light metallic lever normally resting 
upon the point, 5, preferably adjustable so as to close a local cireuit. 
The extremity of the circuit breaker overhangs the free end of the 
armature A. When the armature A is thrown into vibration by the 
action of magnet EK, the circuit breaker is lifted from the point 5 and 
it does not return until the cessation of the vibration of the armature 
A. 

In Figure 28 an arrangement is shown whereby the lifting of the 
circuit breaker V opens a local circuit in which is placed a Morse 
sounder 6, or other electrical apparatus. 

In Figure 29 the circuit breaker V normally “ short circuits ” the 
battery B cutting off the current from the Morse sounder 6, or other 
apparatus, so that the lifting of the circuit breaker V permits the 
current from the battery B to actuate telegraphic instrument. 6. 
The vibrating circuit breaker V may be changed in construction, it 
only being necessary that it have normally a slower rate of vibration 
than the armature A by which it is vibrated. 

Figure 30 represents an arrangement of transmitting instruments 
T. T!. T?. & and receiving instruments R. R!. & and vibratory cir- 
cult breakers V. V!. &°. similar to those shown in Figures 1. 2. 27. 
designed to produce automatically at the receiving end of the line a 
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Jacsimile of whatever characters or marks are presented at the trans- 
mittingend. In this plan the messages or marks to be copied may 
be written or printed in non-metallic ink on a metallic surface, F, 0, 


shown in dotted lines (preferably tinfoil) or impressed upon the he 
same. This metallic surface is placed upon a suitable metallie sup- m-~ 
port 5, preferably made as a roller having its axis at 7@ connected 
with the battery B and the earth G. At the receiving end a slnilar in 
support S! is connected in circuit with a battery B! and the vibratory ng 
circuit breakers V V1 V2 & and on this support is placed a piece or to 
strip of chemically prepared paper, P, @, shown in dotted lines. ® 


The metallic surface F, 6, on which is written the message to be 
transmitted is moved between the support .:S and the ends of a series 
of wires 8. 9. 10. 11. 12. 13 & such ends being held by @ non- 
metallic holder or bar 14. The wires 8. 9. 10 &°. communicate with . Bp 
the armatures a of transmitters TT! &. similar to the transmitter T 


shown in Ficure 1. , 
At the receiving end of the cireuit the ends of a similar arrange- j 
ment of wires 15, 16. 17. 18. 19 and 20 ave held in place by a non- | 
metallic holder 21 so as to rest upon the chemically prepared paper -§ 
ce, 
The metallic surface F, 0, and the chemically prepared paper P, a, 


are each moved in the direction of the arrows under their respective j 
series of wires but not necessarily at equal speed, and the charac- 
ters or marks on the foil are copied on the prepared paper. 

When the end of any of the wires at the transmitting end, say 
wire 8, rests upon the metallic foil a communication is established | 
between the battery B and the armature @ of the transmitter T; the @ 
platinum rivet 7, as heretofore deseribed, vibrates and makes and 
breaks contract with the point a so that an intermittent current of 
electricity appears upon the line wire W. So long then as the wire 8 


rests on the metallic surface F, 0, the currents of ¢ pass through 7, 5, y) 

F 0, 8,7, m, to the line wire W, and thence by branches through the 

receiving instruments R R! &. to the earth at Gl. tae, 
The armature of the receiving instrument R, which is in unison 


with the armature @ of the transmitter T, is thrown into vibration by ? 
the passage of the intermittent current, but the armatures of the 

other transmitting instruments R! Re &. having a different rate of 
vibration from the armature of T do not respond. 

The armature of the receiving instrument R in the course of its vi- - 
bration lifts the spring lever V breaking the circuit B', S', P, a, 15, 
V, BI. So long then as the end of the wire 8 rests upon the metallic 
surface F, 0, the local circuit in which the wire 15 is placed remains 
open, and thus no mark is made upon the paper P, @, under wire 15. 

When during the movement of the metallic surface F, 0, a portion 
of the non-metallic ink comes under the end of the wire 8, the con- 
nection between the battery B and transmitter T is broken, the re- 
ceiver Kk becomes silent, the spring lever V returns to its normal 


7% 
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position closing the circuit above described, and a mark is made upon 
that part of the chemically prepared paper P, a, under wire 15. 

Kach wire 9, 10 &. operates in a like manner to the wire, 8, and 
the wires 16, 17. 18. &. operate as described for wire 15. 

Any of the ordinary chemically prepared paper used in connection 
with ordinary systems of chemical or autograph telegraphs may be 
used. 

Referring again to the fifth plan the magnet may be of the horse~- 
shoe form as shown at 24 in Figure 51, and the coils of insulated 
wire, 25, may surround soft iron cores or pole pieces, 26, screwed or 
otherwise fastened to the ends of the magnet 24. The cores or pole 
pieces are placed near the face of the metallic plate A3, it being at- 
tached to a cup-shaped block, 28, having a central orifice, 29, for the 
reception of a speaking or hearing tube to conv ey sounds to or from 
the plate A3. The magnet is attached to a stud, 30, adapted to be 
moved in suitable grooves in the base, 31, by means of a screw, 32 
having its end connected with the stand, the body of the screw bei ing 
fitted to turn in a screw threaded stud. The movements of the 
screw are just the distance between the pole of the magnet and the 
plate A’, and permit the poles to be placed almost in contact with the 
plate. The coils may be placed about the ends of the magnet 24, 
and the soft iron pole pieces be omitted. 

Figure 32 represents In perspective a telephone of the kind shown 
in Figure 31 when placed within a sounding box 33. The coils will 
preferably be very thin and be placed at the extremity or extremi- 
ties of the magnet. One, two, or more magnetic poles with coils may 

placed near a plate to intensify the effect. 

“Ty he soft iron core and coil may be attached to the plate instead of 
the magnet, or the core may be placed upon the plate and the coil 
on the magnet, or vice versa. The magnet may be made to vibrate 
instead of the plate. 

Having now described and particularly set forth the nature of the 
said inv ention, and the manner of carrying the same into effect I 
would have it understood that what I claim i 1s.— 

First. The method herein described of producing or transmitting 
musical notes by means of undulatory currents of electricity, where by 
two or more te legraphie signals or messages can be transmitted sim- 
ultuneously over a single circuit in the same or opposite directions. 

Second. Inasystemof multiple telegraphy wherein undulatory 
currents of electricity are employed, the employment of receiving in- 
struments, the armatures of which are tuned to definite pitches so as 
to vibrate only when a sound of like pitch is transmitted, substan- 
tially as described. 

Third. A system of telegraphy in which the receiver is set in 
vibration by the employment of undulatory currents of electricity, 
substantially as set forth. 

Fourth. The combination, substantially as set forth, of a perma- 
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nent magnet or other body capable of inductive action with a closed 
circuit, so that the vibration of the one shall occasion electrical undu- 
lations in the other or in itself, and this I claim whether the perma- 
nent magnet be set in vibration in the neighbourhood of the conducting 

‘ wire forming the circuit, or whether the conducting wire be set in 
vibration in the neighbourhood of the permanent mignet, or whether 
the conducting wire and the permanent magnet, both simultaneously, 
be set in vibration in each other’s neighbourhood. 

Fifth. The method of producing undulations in a continuous vol- 
taic current by the vibration or motion of bodies capable of induc- 
tive action, or by the vibration or motion of the conducting wire itself 
in the neighbourhood of such bodies, as set forth. 

Sixth. The method of producing undulations in a continuous 
voltuic circuit by gradually increasing and diminishing the resis- 
tance of the circuit, or by gradually increasing and diminishing the 
power of the battery, as set forth. 

Seventh. The method of transmitting vocal or other sounds 
electrically by causing the intensity of an electrical current to vary 
in a& manner proportional to the variations of density produced in 
the air by the said sounds. 

Eighth. The method of transmitting vocal or other sounds 
electrically by causing the intensity and polarity of an electrical cur- 
rent to vary in a manner proportional to the velocity and the direc- 
tion of motion of the particles of air during the production of the 
sounds. 

Ninth. The union upon and by means of an electric circuit of two Lo 
or more telephones constructed for operation substantially as de- — 
scribed, so that if the plate armature of any one of the said instru- 
ments be moved in any manner the armatures of all the other tele- 
phones upon the same circuit will be moved in like manner, and if wey 
the transmitter armature be moved or vibrated by sound like ab 
sounds will be produced by the motion or vibration of the armature 

| of the other telephones upon the circuit. 
| Tenth. In a system of electric telegraph or telephony consisting 
| of transmitting and receiving instruments united upon an electric "Rite. 


- we 


i circuit I claim the production in the armature of each recelving in- 

strument of any given motion by subjecting said armature to an - 

; attraction varying in intensity, however such variation may be pro- | 

| duced in the magnet, and hence I claim the production of any given < 

} sound or sounds from the armature of the receiving instrument by 
subjecting said armature to an attraction varying in intensity in } 


such manner as to throw the armature into that form of vibration 
which characterizes the given sound or sounds. 

Eleventh. The combination with an electro-magnet of a plate of 
| iron or steel or other material capable of inductive action which ean 
| be thrown into vibration by the movement of surrounding air, or by 
| the attraction of a magnet. 
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Twelfth. In combination with a plate and electro-magnet as before 
claimed, the, means herein described or their mechanical equivalents 
of adjusting the relative position of the two, so that without touch- 
ing they may be set as closely together as possible. 

Thirteenth. In an electric telephone the combination with the 
plate of a magnet having coils upon the end or ends of the magnet 
nearest the pl: ite, subst: nti: uly as deseribed. 

Fourteenth. The combination with an electric telephone, such as 
described, of a sounding box, substantially as herein shown and set 
forth. 

Fifteenth. In combination with an electric telephone, as herein 
described,the employment of a speaking or hearing tube for convey- 
ing sounds to or from the telephone, substantially as set forth. 

‘Sixteenth. In an electric telephone the combination with a per- 
manent magnet and plate armature of a soft iron pole piece forming 
the core for the coil, substantially as described. 

Seventeenth. In a system of telegraphy in which the vibrating 
receiver operates the circuit breaker of a local circuit independe nt 
of said receiver, as described, a vibratory circuit breaker for said 
local circuit, consisting of a light spring arm, whose free end over- 
laps the reed or vibr: iting portion of the receiver in combination 
with a portion of the receiver in combination with a contact tip or 
point in said circuit with which the spring arm makes and breaks 
contact, substantially as set forth. 

Eighteenth. The autograph telegraph comprising the combina- 
tion of a series of transmitters and tr ansmitting bristles or wires, a 
single main wire receivers corresponding in number to the trans- 
mitters, tuned to a pitch to vibrate in unison with the succession of 
electric impulses transmitted from their respective transmitters, 
vibratory circuit breakers, one for each receiver, and a local circuit 
and receiving bristle for each vibratory circuit breaker, the series of 
bristles resting upon prepared paper, the whole for operation sub- 
stantially as shown and described. 

In witness whereof, I, the said William Morgan-Brown, have 
hereunto set my hand and seal, this sixth day of June, in the 
year of our Lord One thousand eight hundred and seventy- 
seven. 


WILLIAM MORGAN-BROWN  (1.38.) 


LONDON: Printed by GEoRGe Epwarp Eyre and WILLIAM SPOTTISWOODE, 
Printers to the Queen’s most Excellent Majesty. 1877. 
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THurspay, May 28th, 1885. 


OFFICE OF CHARLES Ilowson, Esa. 
119 South Fourth St., 
Philadelphia. 


Parties mect pursuant to notice: 


Cuarues Ilowson, Esa., 


For Complainants. 


FURMAN SHEPPARD, Esqa., 


For Respondants. 


Counsel for complainants offers in evidence two several certified 
originals, and eight several certified copies, from the Patent Office 
of the United Kingdom of Great Britain and Ireland, of documents 
relating to British Patent No. 4765, dated December 9th, 1876, and 
granted to Wilham Morgan-Brown for “improvements in electric 
telephony (transmitting or causing sounds for telegraphing mes- 
sages) and telephonic apparatus,” a communication to him from 
Alexander Graham Bell, of the Uniyersity of Boston, Massachusetts, 
United States, each of said ten several instruments being certified by 
Henry Reader-Lack, Comptroller General of patents, designs and 
trade marks of the said United Kingdom of Great Britain and 
Ireland, and each having also annexed thereto the official certificates 
of Alfred Donnison, of the City of London, notary public, and of 
Lebbeus JT. Mitchell, Vice and Deputy Consul-General of the 
United States for Great Britain and Ireland, at London; the said 
instruments being severally as follows : 


A.—Copy of the petition of Wilham Morgan-Brown, | left, 
recorded and filed in the office of the Commissioners of Patents for 
Inventions, on the 9th day of December, 1876, and numbered 
4765, together with the official endorsements thereon and now in 
the Patent Office of the United Kingdom of Great Britain and Ireland. 


Marked Complainants’ Echibit “A” Samuel Bell, Special Hxaminer.”’ 
/ 


Onn 
at 
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b.—Copy of the Statutory declaration lett, filed and reeorded 
in the Office of the Commissioners of Patents on the 9th day ot 
December, A. D. 1876, in the matter of the Petition of William 
Morgan-Brown, numbered 4765. 


Marked Complainants’ Kehibit — _— Namuel Bell, Special Haraminey. 


C.—Copy of the amended declaration left, filed and recorded 
in the Office of the Commissioners of Patents on the 27th day of 
December, A. D. 1876, in the matter of the Petition of William 
Morgan-Brown, numbered 4765, left and tiled in said Office on the 
9th day of December, 1876, 


Marked Complamants’ Kerhibit os, Ph Naamnnel Bell, Special Haraminer. 


C.C.—Copy of the Certificate of amendment of the Law Officer 
left, filed, and recorded in the Office of the Commissioners of Patents 
on the 27th day of December, 1876,in the matter of the Petition of 
William Morgan-Brown, which was numbered 4765 and tiled in the 
said Office on the 9th day of December, 1876. 


Marked ( om plamants’ Narhibit’ C ( Aas Saniael Bell, Special KMraminer. 


D.—Original certificate of allowanee of provisional protection 


issued by the Commissioners of Patents for Inventions on the 27th 
day of December, 1876, in the matter of the Petition of Wilham 
Morgan-Brown, numbered 4765, and left in the Office of said Com- 
missioners on the 9th day of December, A. D. 1876. 


’ 


Marked ¢ Om plaimants’ Karhibit** Do” Samuel Bi //, Special Mraminer. 


K.—Copy of the notice of applicant's intention to proceed left, tiled 
and recorded in the Office of the Commissioners of Patents, on the 
Sth day of Mebruary, 1877. in the matter of the petition ot 
William Morgan-Brown, numbered 4765, and filed in said office on 
the 9th day of December, 1876, which said notice is now in the 
Patent Office of the United Kingdom of Great Britain and Ireland. 

Marked Complamants Berhibit ©“hw Samuel Bell, Special Brammer. 

K.—Original certificate of the record of notice to proceed, issued 
by the Commissioners of Patents on the 8th day of February, A. D. 


PROFFERS OF DOCUMENTARY EVIDENCE. 251 


1877, in the matter of the petition of Wilham Morgan-Brown, 
which was numbered 4765, and filed in said office on the 9th day 
of December, 1876. 


Marked Complainants’ Forhibit a! Samuel Bi /7, Special Hraminer. 


I.—Copy of the onginal warrant of the law officer left with the 
Attorney General for signature, on May 8th, 1877, and on May 10th, 
1877, reeeived from him, and sealed, filed and reeorded in the said 
Office, in the matter of the petition of William Morgan-Brown, 
numbered 4765, dated December 9th, 1876. 


Marked Complamants Kahibil ae = Samuel Bi [/. Special HNraminer. 


K.—Copy of Her Majesty’s Royal letters Patent granted to William 
Morgan-Brown, for improvements in electric telephony  (trans- 
mitting or causing sounds for telegraphic messages), and telephonic 
apparatus, sealed and granted May 15th, 1877, and dated December 
9th, 1876. 


Marked Complamants Karhibit at. he Napine}l BB. i]. Special Hraminer. 


L.—Copy of the Register of the Commissioners of Patents in 
the matter of the Petition of William Morgan-Brown, Numbered 
4765, and filed December 9th, 1876, which said Register is now in 
the Patent Office of the Umited Kingdom of Great Britain and 
Ireland. 


Marked Complainants’ Grhibit *1,7 Samuel Bell Special Braminer. 


Counsel for Respondents objects to the foregoing instruments of 
writing respectively, for the reasons, among others, that they are 
irrelevant, inadmissible, improperly, and insufficiently authenticated, 
and not legal or pertinent evidence as to any matter or thing in the 


CaUSC, 


It is agreed by Counsel for the respective parties that the original 


exhibits, referred to in the foregoing protter, having been duly marked 
by the Special Examiner, may be retained by Complainants, and that 
printed copies thereot may be filed and used as evidence in the cause 
with the same force and effect as might the originals. 

The originals to be produced for inspection at the hearing of the 
cause, if called for. 
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Exurpit ‘A.’ 


I, ALFRED DONNISON, of the City of London, Notary 
Public, duly admitted and sworn, practising in the said City, DO 


hereby Certify and Attest : 


That Henry Reader Lack, whose signature is subseribed at the 


foot of the Certificate hereunto annexed, marked “A,” 1s the Comp- 
troller-General of Patents, Designs, and Trade-Marks, that he is by 
law the custodian of the Record Papers and Documents, recorded, 
filed, and deposited in the Othee of the Commissioners ot Patents 
for inventions, and of the Patent Office of the Umted Kingdom of 
Great Britain and Ireland; that by the laws of England, and par- 
ticularly by the Acts “15 and 16 Victoria, Chapter 83, Section I,” 
and “16 and 17 Victoria, Chapter 115, Section IV,” and ‘The 
Patent Designs and Trade-Marks Act, 1883, 46 and 47 Victoria, 
Chapter 57,” copies of all such records, papers, and Documents cer- 
tified by him and sealed with the Seal of The Patent Office, are to 
be received in evidence in all proceedings relating to Letters Patent 
for inventions in all Courts within the Umited Kingdom of Great 
Britain and [reland without further proof or production of the 
originals, 

And that the signature “IT. Reader Lack” subscribed at the 
foot of the said annexed Certificate is truly that of the said ITenry 
Reader Lack, Comptroller-General of Patents, Designs, and Tveile- 
Marks, and the seal thereon impressed, is the genuine Seal of the 
Patent Office of the United Kingdom of Great Britain and Treland, 
therefore full faith and credit should be given thereto in Judicature 
and thereout. 

Whereof an Act being required, I, the said Notary, have 
granted these presents under my Notarial Firm and Seal to serve 
and avail when and where need Way require, 


Done and Passed in London the twelfth day of Mav. 
in the vear of our Lord one thousand eloht hundred and 
eighty-five. 

( NOTARIAL } ALFRED DONNISON, 
| SEAL f Not. Pub: 


EXHIBET A.” 


CONSULATE-GENERAL OF THE UNITED STATES OF AMERICA, LONDON. 


I, LEBBEUS TL. MITCHELL, Vice and Deputy Consul- 
General of the United States of America for Great Britain and Ire- 
land, at London, do hereby make known and certify to all whom it may 
concern, that Alfred Donnison, who has signed the annexed Certifi- 
cate, isa Notary Public, duly admitted and sworn, and practising 1n 
the City of London aforesaid, and that to all acts by him so done 
full faith and credit are and ought to be given in Judicature and 
thereout, and I further certify that the signature “ TT. Reader Lack ” 
on the Certificate hereto annexed is the genuine signature ot Henry 
Reader Lack, Comptroller-General of Patents, Designs, and ‘Trade- 
Marks, and that the Seal thereon Impressed is the genuine Seal of 
the Patent Office of the United Kingdom of Great Britain and 
Ireland. 


In testimony whereof [I have hereunto set my hand 
and afixed the Seal of the Consulate-General of the United 
States at London aforesaid, this twelfth day ot May, in the 
vear of our Lord one thousand eight hundred and eighty- 
five. 


( SEAL OF UNITED STATES ) L. I. MITCHELI 
de . - 4 4 4s 
CONSULATE GENERAL _ y ’ 
, | se and Deputy ( onsul-Gepne ral, 


LONDON 
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Parents, DrsigNs AND TRADE Marks Act, 1883. 


f SEAL OF THE | MoRM Q. 
-ATENT OFFICE CE ns; 
| PATENT OFFICE | A 


( erhineat of ( omptrolt re Ge Hie ral. 


Patent Orrice, Lonpon, 11th May, 1885. 


I, HENRY READER LACK, Comptroltler-General of Patents, 
Designs, and Trade-Marks, hereby certity that the annexed paper, 
marked “A,” is a true copy of the petition of Wilham Morgan- 
Brown, left, recorded, and filed in the Office of the Commissioners of 
Patents for Inventions on the 9th day of December, 1876, and 
numbered 4765, together with the official endorsements thereon, and 
now in the Patent Office of the United Kingdom of Great Britain 
and Ireland. 


In witness whereof [ have hereunto set my hand, and 
caused the Seal of the Patent Office to be hereto aftixed 
this eleventh day of May, one thousand elght hundred and 
eighty-five. | 


(EK. T.) H. READER LACK. 


To the Queens Most Ercellent Majesty : “fn? 
9th December, 1876. 4765. 


The humble Petition of William Morgan-Brown, of the firm 
of Brandon & Morgan-Brown, Engineers and Patent Agents, of 38 
Southampton Buildings, London, and 1 Rue Laffitte, Paris, 
Sheweth, 

That your Petitioner is in possession of an Invention for “ Im- 
provements in Electric Telephony (transmitting or causing sounds 
for telegraphing messages) and Telephonic Apparatus,” which In- 
vention he beheves will be of great public utility; that it has been 
communicated to him trom abroad by i Graham Bell, of 
the University ot Boston, Massachusetts, United States of Amerien 
Professor of Vocal Physiology, and that the same is not in use bv 
any other person Or persons to the best of his knowledge and aailitll 


J 


a 


EXHIBIT ** A.’ 


Your Petitioner therefore humbly prays that your 

Majesty will be pleased to grant unto him, his executors, 

administrators, and assigns Your Royal Letters Patent for 

the United Kingdom of Great Britain and Treland, the 

Channel Islands, and the Isle of Man for the term of four- 

. teen years, pursuant to the Statutes in that case made and 
provided. 

And Your Petitioner 
Will ever pray, ete. 


13th Dec., 1876. 

v - Her Majesty is pleased to refer this Petition to Her 
Majesty’s Attorney-General to consider what may be prop- 
erly done therein. 

Il. READER LACK, 
| “Olek of the ( DININISSIONCLS. 


‘ 8th March, 1877. 
Her Majesty is pleased again to refer this Petition to Ther 
Majesty’s Attorney-General to consider what may be properly done 
.’ therein, 
> . H. READER LACK, 


Clerk to the Commissioners. 


Let a warrant be prepared for my signature upon the within 
Petition, limited to the United Kingdom of Great Britain and Ire- 


land, the Channel Islands, and the Isle of Man. 


, (Ex’d G. 8.) JOIN HOLKER, 
: 8th March, 1877. 


(Kndorsed.) 6 A 33 


PETITION. 


262 EVIDENCE FOR COMPLAINANTS, 


Exuibir “Bb.” 

[Similar certificates (bearing the same date) as to Exlnbit “A,” 
by Alfred Donnison, Notary Public, and Lebbeus IL. Mitchell, Vice 
and Deputy Consul-General of the United States of America for 
Great Britain and Ireland, at London. | 


Patents, Destans AND TRADE Marks Act, 1885. 


; a éé 35 
( SEAL OF THE ) Horm Q. B. 


| PATENT OFFICE | 
Certificate of Comptroller-General, 
PATENT OFrrice, Lonpon, 11th May, 1885. 


I, WENRY READER LACK, Comptroller-General of Patents, 
Designs, and Trade-Marks, hereby certify that the annexed paper, 
marked “ B,” isa true Copy of the Statutory declaration left, filed, and 
recorded in the Office of the Commissioners of Patents on the 9th 
day of December, A. D. 1876, in the matter of the Petition of Wil- 
liam Morgan-Brown, Numbered 4,765, left and filed in the said Office 
at the same time, which said Declaration is now in the Patent Oftice 
of the United Kingdom of Great Britain and Ireland. 


In witness whereof I have hereto set my hand and 
caused the Seal of the Patent Office to be hereto affixed, 
this eleventh day of May, 1885. 
KE. T. H. Reaper Lack. 


9 Dec. 1876. 4765. éé B 55 


I, William Morgan-Brown, of the Firm of Brandon and Morgan- 
Brown, Engineers and Patent Agents, of 88 Southampton Buildings, 
London, and 1 Rue Lafhitte, Paris, Do solemnly and sincerely declare 
that [ am in possession of an Invention for Improvements in Electric 
Telephony (t®ansmitting or causing sounds for telegraphing mes- 
sages) and Telephonic apparatus, which Invention I believe will be of 
vreat public utility; that it has been communicated to me from 


er ¥ — 


ae 
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abroad by Alexander Graham Bell, of Edinburgh, Scotland, now of 
the University of Boston, Massachusetts, Professor of Vocal Physi- 
ology, and that the same is not in use by any other Person or Per- 
sons to the best of my knowledge and belief, and I make this solemn 
Declaration conscientiously beheving the same to be true, and by 
virtue of the provisions of an Act made and passed in the Session of 
Parliament held in the fifth and sixth years of the Reign of His late 
Majesty King Wilham the Fourth, intituled “An Act to repeal an 
“Act of the present Session of Parliament intituled an Act for the 
“more effectual abolition of Oaths and Affirmations taken and made 
“in various Departments of the State, and to substitute Declarations 
“in lieu thereof, and for the more entire suppression of voluntary and 
“extra-judicial oaths and affidavits, and to make other provisions for 


99 


“the abolition of unnecessary oaths. 
William Morgan-Brown Declared at No. 38 Southampton Build- 
ings, Chancery Lane, in the County of Middlesex, this eighth day 
of December, in the year of our Lord 1876, before me, 
Josu. I. ILArtow, 
A. Commissioner to administer oaths in the Supreme Court of Judi- 
cature. 


(Ex’d G.38.) 
(Endorsed. ) éé B a3 
No. 4765-76. 
DECLARATION (Originally filed). 


Ko. 6. 
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[Similar certificates (bearing the same date) as to Exlnibit * A,” 


by Alfred Donnison, Notary Public, and Lebbeus IL. Mitchell, Vice 
enc Deputy Consul-General of the United States of America for 


Great Britain and Ireland, at London. | 


PATENTS, Destagns AND TRADE Marks Act, 1883. 


{ SEAL OF THE | Form Q. “Cc.” 
| PATENT OFFICE } 


Certificate of Comptroller- General, 
PATENT Orricr, Lonpon, 11th May, 1885. 


I, WHENRY READER LACK, Comptroller-General of Patents, 
Designs, and Trade-Marks, hereby certify that the annexed paper, 
marked “ ©,” is a true copy of the amended declaration left, tiled, 
anid recorded 11) the Othee ot the Comuinissioner of Patents, O)) the 
27th day of December, A. D. 1876, in the matter of the Pe- 
tition of Wilham Morgan-Brown, numbered 4765, left and _ filed 
in said Office on the 9th day of December, 1876, which = said 
amended declaration is now in the Patent Office of the United 
Kingdom of Great Britain and Ireland. 


In witness whereof, I have hereunto set my hand, and 
caused the Seal of the Patent Office to be hereto aftixed, the 
11th day of May, one thousand cight hundred and cighty- 
five. 


(ki. T.) IH. READER LACK, 


f SEAL OF THE 

) PATENT OFFICE A. J. HI ™ C.” 
I, Wilham Morgan-Brown, of the Firm of Brandon & Morgan- 

Brown, Engineers and Patent Agents, of 38 Southampton Build- 

ings, London, and 1 Rue Lafhtte, Paris, Do solemnly and sincerely 

declare that [am in possession of an Invention for Diprovements 7” 

Klectric ‘Telephony (transmitting or causing sounds for telegraphing 


4 
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messages) and Telephonic Apparatus, which Invention I believe will 
be of great public utility; that it has been communicated to me 
from abroad by Alexander Graham Bell, of the University of 
Boston, Massachusetts, United States of America, Professor of 
Voeal Physiology, and that the same is not in use by any other 
Person or Persons, to the best of my knowledge and belief, and J 
make this solemn Declaration, conscientiously believing the same to 
be true; and by virtue of the provisions of an Act made and passed 
in the Session of Parhament, held in the fifth and sixth years of the 
Reign of Tis late Majesty, King Wilham the Fourth, intituled An 
“ Act to repeal an Act of the present session of Parliament, intituled 
‘an Act for the more effectual abolition of Oaths and Affirmations 
“taken and made in various Departments of the State, and to substi- 
“tute Declarations in leu thereof, and for the more entire suppres- 
“sion of voluntary and extra-judicial oaths and affidavits, and to 
‘make other provisions for the abolition of unnecessary oaths.” 


William Morgan Brown. Declared at No. 39 South- 
ampton Buildings, Chancery Lane, in the County of Mid- 
dlesex, this twentieth day of December, in the year of our 
Lord, 1876, Before me, Josh. I. Ilarlow, a Commissioner 
to administer oaths in the Supreme Court of Judicature. 


(Ex’d G. 8.) 


(Endorsed. ) “Cc.” 


AMENDED 
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[Similar certificates (bearing the same date) as to Exhibit “A, 
by Alfred Donnison, Notary Publie, and Lebbeus II. Mitchell, Vice 
and Deputy Consul-General of the United States of America tor 


Great Britain and Ireland, at London. | 


PATENTS. Destans AND TRADE Marks Act, 1883. 
: 4" > éé 55 
{ SEAL OF THE ) Form Q. C. c. 
| PATENT OFFICE | 


Certificate of Comptroller- General, 


PATENT Orrice, Lonpon, 11th May, 1885. 


lL HENRY READER LACK, Comptroller-General of Patents, 
Designs, and Trade Marks, hereby certify That the paper annexed, 
marked “@. C.,7 is a true copy of the Certificate of Amendment of the 
Law Officer lett, filed and recorded in the Office of the Commissioners 
ot Patents, on the 27th day of December, 1876, in the matter of the 
Petition of Wilham Morgan-Brown, which was numbered 4765, and 
filed in the said Othee on the 9th day of Deeember, 1876, which cer- 
tificate is now in the Patent Office of the United Kingdom of Great 
Britain and Ireland. 


In witness whereof, I have hereunto set my hand, and 
caused the Seal of the Patent Office to be hereto atftixed. 
this 11th day of May, one thousand eight hundred and 
eighty-five. HW. READER LACK. 

4. 1.) 


EXHIBIT ‘‘C. C. 


( SEAL OF THE ) 


| PATENT OFFICE { “je Ge 


PATENT LAW AMENDMENT AcrT, 1852. 

7 4765. | 

Petition of William Morgan-Brown of the firm of Brandon and 
Morgan-Brown, Engineers and Patent Agents, of 38 Southampton 
Buildings, London, and 1 Rue Lafitte, Paris, fora Patent for Improve- 
ments in electric telephony (transmitting or causing sounds for tele- 
graphing messages) and telephone apparatus. 

Communicated to him from abroad by Alexander Graham Bell, 


“ © 
of the University of Boston, Massachusetts, United States of America, 
Professor of Vocal Physiology. 

Whereas the Deelaration and the Petition are insuftheient, | 
hereby allow the same to be amended by adding to the Documents 
the new Declaration, marked “A,” annexed hereto, and correcting the 
petition in accordance therewith, to which amendments [ have placed 
my initials, JOHN ILOLKER. 

(Ex’d G. 38.) 23d December, 1876. 
I 
; * 


(Kndorsed.) 66 . "aga 
No. 4765-76. 


AMENDMENT OF LAW OFFICER. 
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ExuiBit * D.”’ 


[Similar certificates (bearing the same date) as to Exhibit “ A,” 
by Alfred Donnison, Notary Public, and Lebbeus TH. Mitchell, Vice 
and Deputy Consul-General of the United States of America for 
Great Britain and Ireland, at London. | 


PATENTS, Drestans AND TRADE Marks Act, 1883. 


. ( ” 
f SEAL OF THE | Form Q. D. 


) PATENT OFFICE J 


Certificate of Comptroller-General. 


PATENT Orrice, Lonpon, 11th May, 1885. 


I, HENRY READER LACK, Comptroller-General of Patents, 
Designs, and Trade-Marks, hereby certify That the annexed paper, 
marked “D,” is the original certificate of allowance of provisional 
protection, issued by the Commissioners of Patents for Inventions, 
on the 27th day of December, 1876, in the matter of the Petition of 
William Morgan-Brown, numbered 4765, and left in the oftice of 
said Commissioners on the 9th day of December, A. D. 1876. 


In witness whereof [ have hereunto set my hand and 
eaused the Seal of the Patent Office to be hereto affixed this 
1ith day of May, one thousand eight hundred and eighty- 
five, 


Il. Reaper Lack. 


EXHIBIT ‘‘ D.”’ 


Parent Law AMENDMENT Act, 1852. 


“ T) 33 
a 


OFFICE OF THE COMMISSIONERS OF PATENTS FOR INVENTIONS. 


Dee., 1876, 4765. 


Brandon. 


( SEAL OF THE ) 
| PATENT OFFICE { 

THIS IS TO CERTIFY that Provisional Protection has been 
alowed to Wilham Morgan-Brown, of the firm of Brandon & Morgan- 
Brown, Engineers and Patent Agents, of 38 Southampton Build- 
ines, London, and 1 Rue Lafhtte, Paris, for the Invention of ‘ Im- 
provements in electric telephony (transmitting or causing sounds for 
telegraphing messages) and telephonic apparatus,” a communication 
to him from abroad by Alexander Graham Bell, of the University 
of Boston, Massachusetts, United States of America, Professor of 
Vocal Physiology, on his Petition, reeorded in the Oftice of the 


Commissioners, on the 9th day ot Deer., 1876. 


| jee OF THE COMMISSIONERS 
OF PATENTS FOR 
| INVENTIONS 


N. B.—Notice to proceed hereon must be left at the above Office, eZeh/ weeks 
at the feast before the expiration of the term of Provisional Protection. 
Application for the Warrant and Letters Patent must be made fwel/ve clear, 
1. e., fourteen days at the feast, before the expiration of the term of Provisional 
Protection. 
No Money received after Three o’Clock-—Saturdays, Two o’Clock. 


(Endorsed. ) ‘6 D 58 


i 
i 
; 
i 
i 
i 
: 
i 
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EXHipit ‘ K.”’ 

[Similar certificates (bearing the same date) as to Exhibit “ A,” 
by Alfred Donnison, Notary Public, and Lebbeus TH. Mitehell, Vice 
and Deputy Consul-General of the United States of Amerien for 


Great Britain and Ireland, at London. | 


PATENTS, Destans AND TRADE Marks Act, 18835. 


f SEAL OF THE | Form (). “E” 


) PATENT OFFICE { 


Certificate of Comptroller-General. 


(EK. 'T.) PATENT Orrice, Lonpon, 11th May, 1885. 


I, WHENRY READER LACK, Comptroller-General of Patents, 
Designs, and Trade marks, hereby certify That the annexed paper 
marked “KE,” is a true copy of the Notice of applicant’s intention to pro- 


eeed left, filed, and recorded in the Ofhee of the Commissioners of 


Patents on the 8th day of February, 1877, in the matter of the Petition 
of William Morgan-Brown, numbered 4765 and filed in said Office on 
the 9th day of December, 1876, which said notice 1s now in the Patent 
Ottice of the United Kingdom of Great Britain and Ireland. 


: In witness whereof I have hereunto set my hand, and 
eaused the Seal of the Patent Othee to be hereto affixed this 
11th day of May, one thousand eight hundred and eighty- 
five. IH. READER LACK, 

(K. T.) 


3 


se] 
EXHIBIT °° E. 


PATENT LAW AMENDMENT Act, 1852. 6 E ” 


( SEAL OF THE ) 
| PATENT OFFICE | 


We, Brandon and Morgan-Brown, Agents tor William Morgan- 
Brown, of the firm of Brandon and Morgan-Brown, Engineers and 
Patent Agents, of 38 Southampton Buildings, London, and 1 Rue 
Lafitte, Paris, Do hereby give notice, that it is my intention to pro- 
eeed on behalf of the said William Morgan-Brown, with his applica- 
tion for Letters Patent, for the Invention of “Improvements in elec- 
tric telephony (transmitting or causing sounds for telegraphing mes- 
sages) and telephonic apparatus.”?> A communication to him from 
abroad by Alexander Graham Bell, of the University of Boston, 


Massachusetts, United States of America, Professor of Voeal Phiysi-. 


ology, as set forth in his Petition, recorded in the Office of the Com- 
missioners of Patents for Inventions, on the 9th day of December, 
1876. 


Dated this 8th day of February, 1877. 
BRANDON & MORGAN-BROWN., 
Agents, 


(Ex’d G. 8.) 


EINDORSED 66 99 
E.. 
No. 4765-76. 


NOTICH TO PROCEED. 


SELES RRP wa ho stx 


Sa ee ee 
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Exuipir * BF.’ 


[Similar certificates (bearing the same date) as to Exhibit “A,” 
by Alfred Donnison, Notary Public, and Lebbeus Hl. Mitehell, Vice 
and Deputy Consul-General of the United States of America for 


(great Britain and Lreland, at London. | 


PATENTS. Destuns AND TRADE Marks Act, 18835. 


( SEAL OF THE } 
| PATENT OFFICE | 


Form Q. 66 F - 
z 


Certificate ot Clon ptroll p= Cre neral. 
; : [ 


PATENT Orrick, Lonpon, 11th May, 1885. 


lL TENRY READER LACK, Comptroller-General of Patents, 
Designs, and Trade-Marks, hereby certify, That the annexed paper, 
marked “ F,” is the original certificate of the record of notice to 
proceed, issued by the Commissioners of Patents on the &th day of 
February, A. D. 1877, in the »matter of the Petition of William 
Morgan-Brown, which was numbered 4765, and tiled in said Oftice 
on the 9th day of December, 1876. 


[In witness whereof, I have hereunto set my hand, and 
eaused the Seal of the Patent Office to be hereto aftixed., 
this 11th day of Slay, one thousand eight lundred and 
eighty-five. 


K. T. HM. READER LACK. 


“9 
EXHIBIT ~ F 
« 
4a , . 


PATENT LAW AMENDMENT Act, 1852 
4765. Brandon. £. 5, 


{ SEAL OF THE | ” - 
| PATENT OFFICE | F. 


THIS IS TO CERTIFY, that Wiliam Morgan-Brown, of the 
firm of Brandon and Morgan-Brown, Engineers and Patent Agents, 
of 38 Southampton Buildings, London, and 1 Rue Laffitte, Paris, 
has given notice of his intention to proceed with his application for 
Letters Patent, for the Invention of ‘ Improvements in Eleetrie 
Telephony (transmitting or causing sounds for telegraphing mes- 
sages) and telephonic apparatus.” A communication to him from 
abroad by Alexander Graham Bell, of the University of Boston, 
Massachusetts, United States of America, Professor of Voeal P hysi- 
ology, as set torth in his Petition, reeorded in the Offiee of the 
Commissioners of Patents for Inventions, on the 9th day of De- 
cember, 1876, and the Stamp Duty of Five Pounds has been paid 
on this Certificate, pursuant to the Act. 


Dated this 8th day of February, 1877. 


{ SEAL OF THE COMMISSIONERS | 
) OF PATENTS FOR INVENTIONS | 


N. B.—Application for the Warrant and Letters Patent must be made ¢we/ve 
clear days (t.0., fourteen) atthe least before the expiration of the term of. Pro 
visional Protection. 

No money received after Three o’clock—Saturdays, Two o'clock. 


(ENDORSED) 66 F 9 
a 
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4a , . 


[Sinular certificates (bearing the same date) as to Exhibit “A,” 
by Alfred Donnison, Notary Public, and Lebbeus EH. Mitehell, Vice 
and Deputy Consul-General of the United States of America for 


Great Britain and [reland, at London. | 


PATENTS. Destaqns AND TRADE Marks Act, 18853. 


f SEAL OF THE } Form Q. 
| PATENT OFFICE | | 33 
aad 


( y rlificate of ( om ptroll r-lren ral. 


Parent Orrickt, Lonpon, 11th May, 1885. 


I HENRY READER LACK,‘ ‘omptroller-General of Patents, 
Designs, and Trade-Marks, hereby certify, That the annexed paper, 
marked “1,” is a true copy of the original warrant of the law officer 
left with the attorney-general for signature on May sth, 1877, and on 
May 10th, 1877, received from him, and sealed, filed, and recorded in 
the said office, in the matter of the petition of Wilham Morgan- 
Brown, numbered 4765, dated December 9th, 1876, which said origi- 


nal Warrant is now in the Patent Office of the United Kingdom of 


Great Britain and Treland. 
In witness whereof [ have hereunto set my hand, and 
caused the Seal of the Patent Office to be hereto attixed this 
11th day of May, one thousand eight hundred and eighty-tive. 


(Ki. T.) | Il. READER LACK. 


Reeeived the 15th day ot May, Is77. CAIRNS C, 
1876. No. 4765. 
{ SEAL OF THE | os - 
| PATENT OFFICE | ° 
To the Right Hlonoratle. the Lord High Chancellor of Great Britain ’ 

In humble Obedience to [ler Majesty’s command, referring to 
me the Petition of Wilham Morgan-Brown, of the firm of Brandon 
and Morgan-Brown, Engineers and Patent Agents, of 38 South- 


at db 


74ur r 66 > 9 ly ax 
EXHIBIT ~’ I. =i 


wnpton Buildings, London, and 1 Rue Laffitte, Paris, to consider 
What may be properly done therein, | do hereby certify as follows : 
That the said Petition sets forth that the Petitioner is in POSSCSSION 
of an Invention for “Improvements m= Electric Telephony (trans- 
mittine or causing sounds for telegraphing messages) and Telephonic 
apparatus.” And the Petitioner most humbly prays that [ler 
Majesty will be pleased to grant to him, his executors, administrators, 
and assigns, Iler Majesty’s Roval Letters Patent for the United 
Kingdom of Great Britain and Ireland, the Channel Islands, and Isle 
of Man for the term of Fourteen years, pursuant to the Statute in that 
ease made and provided, That in support of the allegations con- 
tained in the said Petition, the Declaration of the Petitioner has been 
laid before me, whereby he solemnly declares that he 1s in possession 
of the said Invention; that he believes the same will be of great 
pubhe utihty; that the said Invention has been communicated to 


him from abroad by Alexander Graham Bell. of the University of 


Boston, Massachusetts, United States of America, Professor of Vocal 
Physiology; and that the same is not in use by any other person or 
persons to the best of Ins knowledge and behef:; That there has 
also been laid before me the Provisional Specifications of the said 
Petitioner, and also a certificate whereby it appears that the said 
Invention was provisionally protected from the ninth day of Decem- 
ber, one thousand eight hundred and seventy-six in pursuance of the 
Statute. Upon consideration of all the matters aforesaid, and as it is 
entirely at the hazard of the sad Petitioner whether the said Inven- 
tion is new or will have the desired success, and as it may be rea 
sonable for Her Majesty to encourage all Arts and Inventions which 
may be for the public good, [am of opinion that Iler Majesty may 
grant Her Royal Letters Patent unto the Petitioner, his executors, 
administrators and assigns, for the said Invention within the United 
Kingdom of Great Britain and [rcland, the Channel Islands, and Isle 
of Man for the term of fourteen vears, according to the Statute in 
that case made and provided, if [fer Majesty shall be graciously 
pleased so to do to the tenor and eftect following: 

“» Vietoria, by the Grace of God of the United Kingdom of Great 
Britain and Ireland, Queen, Defender of the Faith. To all to whom 
these Presents shall come, Greeting: Whereas, William Morgan- 
Brown, of the firm of Brandon and Morgan-Brown, Engineers and 
Patent Agents of 38 Southampton Buildings, London, and 1 Rue 
Lathtte, Paris, hath by his Petition humbly represented unto us that 
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he is in possession of an Invention for ‘ Improvements in Electric 
Telephony (transmitting or causing sounds for telegraphing mes- 
sages) and Telephonic Apparatus,” which the Petitioner believes 
will be of great pubhe utility; that the said Invention has been com- 
municated to him from abroad by Alexander Graham Bell, of the 
University of Boston, Massachusetts, United States of America, 
Professor of Vocal Physiology ; and that the same Is not in use by 
any other person or persons to the best of lus knowledge and belief. 
The Petitioner therefore most humbly praved that We would be 
graciously pleased to grant unto him, his executors, administrators 
and assigns, Our Royal Letters Patent for the sole use, benefit and 


Great Britain and Ireland, the Channel Islands, and Isle of Man, for 
the term of Fourteen years, pursuant to the Statute m= that case 
made and provided. And we being willing to give encouragement 
to all Arts and Inventions which may be for the public good, are 
| graciously pleased to condescend to the Petitioner’s request. Know 
ye therefore, that We of Our especial grace, certain knowledge, and 
mere motion, Have given and granted, and by these Presents for Us, 
Our heirs, and successors, Do give and grant unto the said William 
Morgan-Brown, [is executors, administrators, and assigns, Our 


ee 
4 


especial license, full power, sole privilege and authority, that he, the 

said William Morean-Brown, his executors, and administrators and 

assigns, and every of them by timsclf and themselves or by his and 

their Deputy or Deputies, Servants or Agents or such others as he, 

the said Wilham Morgan-Brown, his executors, administrators or 

assigns shall at any time agree with, and no others, from time to 

time, and at all times hereafter during the term of years herein ex- 

pressed, shall and lawfully may make, use, exercise, and vend the 

said Invention within Our United Kingdom of Great Britain an 

Ireland, the Channel Islands, and Isle of Man, in such manner as to 

him, the said William Morgan-Brown, his executors, administrators, 

and assigns or any of them shall in his or their discretion seem meet. 

And that he, the said Wilham Morgan-Brown, his executors, ad- 
ministrators, and assigns shall and lawfully may have and enjoy the 
whole profit, benefit, commodity, and advantage from time to time, 
. coming, growing, accruing, and arising by reason of the said Inven- 
tion for and during the term of years herein mentioned. To have, 
! hold, exercise, and enjoy the said licenses, powers, privileges, and 
; advantages hereinbefore granted or mentioned to be eranted unto 


4 


advantage of the said Invention within Our United Kingdom of 


22 
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the said William Morgan-Brown, his exccutors, administrators, and 
assigns for and durme and unto the full end and term of Fourteen 
years from the day of the date of these Presents next and immedi- 
ately cnsumng, according to the Statute im such case made and pro- 
vided. And to the end that he, the said William Morgan-Brown, 
his executors, administrators, and assigns and every of them may 
have and enjoy the full benefit and the sole use and exercise of the said 
Invention according to Our gracious intention hereinbefore declared, 
We do by these Presents for Us, Our heirs, and successors require 
and strictly command all and every person and persons, bodies, 
politic and corporate, and all other Our subjects whatsoever, of what 
estate, quality, degree, name or condition soever they be within Our 
United Kingdom of Great Britain and T[reland, the Channel Islands, 
and the Isle of Man, that neither they nor any of them at any time 
during the continuance of the said term of Fourteen years, hereby 
granted either directly or mdirectly, do make use or put in practice 
the said Invention or any part of the same so attained unto by the 
suid Wilham Morgan-Brown as aforesaid, nor in anywise counterfeit, 
Imitate or resemble the same, nor shall make or cause to be made 
any addition thereunto or subtraction from the same whereby to pre- 
tend himself or themselves the Inventor or Inventors, Devisor or 
Devisors thereof, without the consent, Hcense or agreement of the 
suid \Wilham Morgan-Brown, his executors, administrators, or assigns 
In writing under his or their hands and seals first had and obtained 
In that behalf upon such pains and penalties as can or may be justly 
inflicted on such Offenders for their contempt of this Our: Royal 

Command, And further to be answerable to the said William 

Morgan-Brown, his executors, administrators, and assigns according 
to Law for his and their damages thereby occasioned. And more- 

OVer, We do by these Presents for Us, ur heirs, and SUCCCSSOPS Will 

and Command all and singular the Justices of the Peace, Mayors, 

Sheriffs, Bailitts, Constables, Headboroughs, and all other Officers 

and Ministers whatsoever of Us, Our heirs, and successors for the 

tine being that they or any of them donot nor shall at any time 

during the said term hereby granted in ANY Wise molest, trouble, or 

hinder the said William Morgan-Brown, his executors, adiministra- 

tors or assigns or any of them or his or their Deputies, Servants or 

Agents in or about the due and lawful use or exercise of the afore- 
suid Invention or anything relating thereto. 


eng cage — 
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Provided, always, And these Our Letters Patent are and shall 
be upon this condition, that if at any time during the said term here- 
by evranted, it shall be made, appear to Us, Our heirs Or SUCCCSSOPS 
or any six or more of Our or their Privy Council that this Our Grant 
is contrary to Law or prejudicial or inconvenient to Our Subjects im 
general, or that the said Invention is not a new Invention as to the 
public use and exercise thereof within Our United Kingdom of Great 
Britain and Ireland, the Channel Islands and Isle of Man, or that 
the same was not first introduced therein by the said William 
Morgan-Brown as aforesaid, these Our Letters Patent shall forthwith 
cease, determine, and be utterly void to all intents and purposes, 
anything herein before contained to the contrary thereof in anywise 
notwithstanding. Provided also that these Our Letters Patent or 
anything herein contained shall not extend or be construed to extend 
to give privilege unto the said William Morgan-Brown, his executors, 
administrators or assigns or any of them to use or imitate any Inven- 
tion or Work whatsoever Which hath heretotore been found out or 
invented by any other of Our Subjects whatsoever, and publicly used 
or exercised within Our United Kingdom of Great Britain and 
Ireland, the Channel Islands, or Isle of Man, unto whom Our like 
Letters Patent or Privileges have been already granted tor the sole 
use, exercise and benefit thereof. It being Our Will and Pleasure 
that the said William Morgan-Brown, his executors, administrators 
anid assigns and all and every other person anid persons to whom like 
Letters Patent or Privileges have been already granted as aforesaid 
shall distinetly use and practise their several Inventions by them in- 
vented and found out according to the true intent and meaning ot 
the same respective Letters Patent, and of these Presents. Provided, 
likewise, nevertheless, and these Our Letters Patent are upon this 
express condition, that if the said William Morgan-Brown, his ex- 
ecutors or administrators shall not particularly describe and ascer- 
tain the nature of the said Invention, and in what manner the same 
is to be performed by an [Instrument in writing under his or their 
or one of their hands and seals and cause the same to be filed in the 
Great Seal Patent Office within Six calendar Months next and im- 
mediately after the date of these our Letters Patent; And also, if 
the said Wilham Morgan-Brown, his executors, administrators or 
assigns shall not pay the Stamp Duty of Fifty Pounds, and produce 
these Our Letters Patent stamped with a proper stamp to that 
amount at the Office of Our Commissioners of Patents for Inventions 
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before the expiration of Three Years from the date of these Our 
Letters Patent, pursuant to the provisions of the Act of the Sixteenth 
Year of Our Reign, Chapter 5, and also if the said Wilham Morgan- 
Brown, Ins executors, administrators or assigns shall not pay the 
Stamp Duty of One Hundred Pounds and produce these our Letters 
Patent, stamped with a proper stamp to that amount at the said 
Office of Our said Commissioners before the expiration of Seven 
years from the date of these Our Letters Patent pursuant also to the 
said Act; And also if the said William Morgan-Brown, his ex- 
ecutors, adiministrators or assigns shall not supply or cause to be 
supphed for Our service all such Articles of the said Invention as he 
or they shall be required to supply by the Officers or Commissioners 
administering the department of Our Service, for the use of which 
the same shall be required in such manner at such times and at and 
upon such reasonable prices and terms as shall be settled for that 
purpose by the said Officers or Comunissioners requiring the same ; 
That then and in any of the said cases these Our Letters Patent and 
all liberties and advantages whatsoever hereby granted, shall utterly 


cease, determine and become void, anything hereinbefore contained 


to the contrary thereof in anywise notwithstanding. = Provided that 
nothing herein contained shall prevent the granting of Licenses in 
such manner and for such oonsiderations as they may by Law be 
granted. And lastly, We do by these Presents for Us, Our heirs 
and successors grant unto. the said Wilham Morgan-Brown, his ex- 
ecutors, administrators, and assigns that these Our Letters Patent or 
the filing thereof shall be in and by all things good, firm, valid, suf- 
ficient and effectual in the Law, according to the true intent and 
meaning thereof, and shall be taken, construed and adjudged in the 
most favorable and beneficial sense for the best advantage of the said 
Wilham Morgan-Brown, his executors, administrators, and assigns 
as Well in all Our Courts of Record as elsewhere, and by all and 
singular, the Officers and Ministers whatsoever of Us, Our heirs and 
successors In Our United Kingdom of Great Britain and Ireland, the 
Channel Islands and Isle of Man, and amongst all and every the 
subjects of Us, Our heirs and successors whatsoever and whereso- 
ever, Notwithstanding the not full and certain describing the nature 
or quality of the sad Invention or of the materials thereunto con- 


ducing and belonging. In witness whereof We have caused these 
Our Letters to be made Patent this ninth day of December, One 
theusand eight hundred and seventy-six, in the fortieth year of Our 


IR) EVIDENCE FOR COMPLAINANTS. 


Reign, and to be sealed as of the said ninth day of December, One 
thousand eight hundred and seventy-six. 

Given under my hand this eighth day of May, One thousand 
eleht hundred ancl seventy-seven, 


JOIN THOLKER. 


| hereby certify that the Letters Patent issued Upon the within 
written Warrant were produced and registered at the Office of the 
Commissioners of Patents for Inventions on this 28th day of Novem- 


ber, 1879, properly stamped with a Stamp Duty of Fifty pounds, 
pursuant to the Act 16, Vie: C. 5. 
Hl. READER LACK, 


( lerk of the Commission MS. 


[ hereby certify that the Letters Patent issued upon the within 
written Warrant were produced and registered at the Office of the 
Commissioners of Patents for Inventions on this 30th day of Nov., 

| 1883, properly stamped with a Stamp Duty of One Ifundred pounds 
pursuant to the Act 16, Vic. ¢. 5. 


b 


H. READER LACK, 


( Kx'd iF. Ss. ) Ch rh of the ( OININISSIONELS. 


(ENpoRSED) * [.’ 
No. 4765-76. 


WARRANT. 


EXHIBIT ** K.”’ 


Exuipit * kK.’ 


[Similar certificates (bearing the same date) as to Exhibit “A,” 
by Alfred Donnison, Notary Public, and Lebbecus Hl. Mitchell, Vice 
and Deputy Consul-General of the United States of SAimerica for 

« Great Britain and Ireland, at London. | 


PATENTS, DesIGNs AND TRADE Marks Act, 1883. 


f SEAL OF THE | Korm 


} 
PATENT OFFICE 66 99 
| | ) K. 


( erhihicat of Comptroll }*- Gi die ral, 


PATENT Orrice, Lonpon, 11th May, 1885. 


I, WENRY READER LACK, Comptroller-General of Patents, 

a Designs, and Trade-Marks, hereby certify, That the annexed paper, 

+ marked “ KK,” isa true copy of Iler Majesty’s Royal Letters Patent 

granted to Wilham Morgan-Brown, for Improvements in Electric 

v7 Telephony (transmitting Or causing sounds for telegraphic HrCSSaAGes ) 

and telephonic apparatus,” sealed and granted May 15th, 1877, and 
dated December Oth, 1876. 

[In witness whereof, | have hereunto set my hand, and 
caused the Seal of the Patent Ofhiee to be hereto affixed, 
this 11th day of May, one thousand eight hundred and 
elghty-five. 


(K. 'T.) I. READER LACK. 
e” 


1876. 
me, 4765. | | 66 K.” 

( SEAL OF THE | 

“! ) PATENT OFFICE f{ 
Victoria, by the Grace of God, of the United Kingdom of Great 
Britain and Ireland, Queen, Defender of the Faith. To all to whom 
these Presents shall come, Greeting: Whereas, William Morgan- 
Brown, of the firm of Brandon and Morgan-Brown, Engineers and 
> patent agents of 38 Southampton Buildings, London, and 1 Rue 
Lafttitte, Paris, hath by his Petition humbly represented unto Us that 
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he is in possession of an Invention for “ Improvements in Electric 
Telephony (transinitting or causing sounds for telegraphing mes- 
sages) and Telephonie apparatus,” which the Petitioner believes 
will be of great public utility; that the sad Invention has been 
communicated to him from abroad by Alexander Graham Bell, of 
the University of Boston, Massachusetts, United States of America, 
Professor of Voeal Physiology, and that the same is not in use 
by any other person or persons to the best of his knowledge 
and behefi The Petitioner therefore most humbly prayed that 
We would be graciously pleased to grant unto him, his executors, 
administrators, and assigns, Our Royal Letters Patent for the sole 
use, benefit, and advantage of the said Invention within Our United 
Kingdom of Great Britain and LTreland, the Channel Islands, and 
isle of Man, for the term of Fourteen Years, pursuant to the Statute 
in that case made and provided; And We being willing to give 
encouragenrent to all Arts and Inventions which may be for the public 
wood, are eraciously pleased CO eondeseend CO the Petitioner’s request. 
Know Ye, therefore, that We, of Our especial grace, certain knowl- 
edge and mere motion, Have given and granted and by These Pres- 
ents for Us, our heirs, and suceessors, Do give and grant unto the said 
William Morgan-Brown, his executors, administrators, and assigns, 
Our special Hcense, full power, sole privilege, and authority, that he, 
the said William Morgan-Brown, his executors, administrators, and 
assigns, and every of them, by himself and themselves, or by his and 
their Deputy or Deputies, Servants, or Agents, or such others as he, 
the said Wilham Morgan-Brown, his executors, adiministrators, or 
assigns, shall at any tune agree with, and no others, from time to 
time, and at all times hereafter, during the term of years herein 
expressed, shall and lawfully may make, use, exercise, and vend the 
said Invention within our United Kingdom of Great Britain and 
freland, the Channel Islands, and Isle of Man, in such manner as to 
him, the said William Morean-Brown, his executors, administrators, 
and assigns, or any of them, shall in his or their discretion seem 
meet. And that he, the said William Morgan-Brown, his executors, 
administrators, and assigns, shall and lawfully may have and enjoy the 
whole profit, benefit, commodity, and advantage from time to time, 
coming, growing, accruing, and arising by reason of the said Invention 
for and during the term of years herein mentioned, To have, hold, 
exercise, and enjoy the said licenses, powers, privileges, and advan- 
faves heretmbetore evranted Or mentioned to be granted unto the sic 
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William Morgan-Brown, his executors, administrators, and assigns, 
for and during and unto the full end and term of Fourteen Years 
from the day of the date of these Presents next and immediately 
ensuing, according to the Statute in such case made and provided. 
And to the end, that the said William Morgan-Brown, his executors, 
adiministrators, and assigns, and every of them, may have and enjoy 
the full benefit and the sole use and exereise of the said Invention, 
according to Our gracious intention hereinbefore declared, We do 
by these Presents, for Us, Our heirs, and successors, require and strictly 
conmnand all and every person and persons, bodies politic and cor- 
porate, and all other Our subjects whatsoever of what estate, quality, 
degree, name, or condition soever they be within Our United King- 
dom of Great Britain and Ireland, the Channel Islands, and Isle 
of Man, that neither they nor any of them at any time during the 
continuance of the said term of Fourteen Years hereby granted, either 
directly or indirectly do make, Use, OF pout in practice the said [Inven- 
tion or any part of the same so attained unto by the said William 
Morgan-Brown as aforesaid, nor in anywise counterteit, imitate, or 
resemble the same, nor shall make or cause to be made any addition 
thereunto, or subtraction from the same, whereby to pretend himself 
or themselves, the Inventor or fnventors, Devisor or Devisors thereof 
without the consent, license, or agreement of the said William 
Morgan-Brown, his executors, administrators, or assigns, in writing 
under lis or their hands and seals, first had and obtained in that 
behalf upon such pains and penalties as can or may be justly inflicted 
on such offenders for their contempt of this Our Roval Command, 
And further, to be answerable to the said William Morgan-Brown, 
his executors, adiministrators, and assigns, according to law for his 
ana their damages thereby oceastoned, And, POPreCOVERr, We do by 
these Presents for Us, Our heirs and Successors, Will and Command 
all and singular the Justices of the Peace, Mayors, Sheriffs, Bailifts, 
Constables, Headboroughs, and all) other Officers and = Ministers 
Whatsoever of Us, Our heirs, and suecessors for the time being, that 
they or any of them do not, nor shall at any time during the said 
term hereby granted in any wise molest, trouble, or hinder the said 
William Morgan-Brown, his executors, administrators, or assigns, or 
any of them or his or their Deputies, Servants, or Agents, in or about 
the due and lawful use or exercise of the aforesaid Invention, oranything 
relating thereto; Provided, always, and these our Letters Patent are, 
and shall be upon this Condition, that if at any time during the said 
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term hereby granted it shall be made appear to Us, Our heirs, or 
successors, Or any six or more of our or their Privy Council that this 
our grant Is CONTPAPY TO Law, or preyudicial or Inconventent to Our 
Subjects in veneral, or that the said Invention is not a new Invention 
as to the public use and exercise thereof within Our United Kingdom 
of Great Britain and Ireland, the Channel Islands, and the Isle of 
Man, or that the same was not first introduced therem by the said 
William Morean-Brown as aforesaid, these Our Letters Patent shall 
forthwith Cease, determine, and be utterly void CO al] Intents ana 
PUPpose 5. anything herermbetore contamed to the CONTPAPY thereot im 
Uli Wise notwithstanding. Provided. also. that these our Letters Patent 
or anything herein contained shall not extend or be construed to extend 
togive privilege unto the suid William Morgan-Brown, lis executors, 
adiministrators, or assigns, or any of them, to use or imitate any Inven- 
tion or Work whatsoever which hath heretofore been found out or 
invented by any other of Our Subjects whatsoever,and publicly used 
or exereiscd within Our United Ningdom of Great Britain and 
freland, the Channel Islands, or Isle of Man. unto whom Our like 
Letters Patent or Privileges have been already granted tor the sole use, 
exercise, and benefit thereof. It being Our Will and Pleasure that 
the said William Morgan-Brown, his executors, administrators, and 
assigns. and all and every other person and persons to whom like 
Letters Patent or Privileges have been already granted as atoresaid 
shall distinctly tise chic practice their Severn fnventions by them 
Invented and found out according to the true intent and meaning of 


the same respective Letters Patent nicl of these Presents. Provided. 
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Likewise, nevertheless, And these our Letters Patent are upon this 
CXPPECSs Condition. that if the snd Wiillizan Morgan-Brown. his CNOCC- 


ro adiministrators. shall not particularly describe and ascertain 
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the nature of the said Invention, and in what manner the same is to 
be performed by an Instrument in writing, under lis or their, or one 
of their hands nicl seals, and cause the same to be hled 1 the Grreat 
Seal Patent Office within Six Calendar Months next, and immedi- 
ately after the date of these Our Letters Patent: And also if the 
said) William Morgan-Brown, his executors, administrators, or 
assigns, shall not pay the Stamp Duty of Fifty Pounds and produce 
these Our Letters Patent stamped with a proper Stamp to that 
amount at the Othce of Our Comiissioners of Patents tor Inventions 
before the expiration of Three Years trom the date of these Our 
Letters Patent, pursuant to the provisions of the Act of the Sixteenth 
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year of Our Reign, Chapter 5. And also if the said William Morgan- 
Brown, his executors, administrators, or assigns, shall not pay the 
Stamp duty of One hundred Pounds and produce these Our Letters 
Patent stamped witha proper Stamp to that amount at the said 
Office of Our said Commissioners before the expiration of Seven Years 
from the date .of these Our Letters Patent, pursuant also to the said 
Act: And also, if the said William Morgan-Brown, his executors 
administrators, or assigns, shall not supply or cause to be supphed 
for Our Service all such Articles of the said Invention as he or they 
shall be required to supply by the Officers or Commissioners 
administering the Department of Our Service, for the use of which 
the same shall be required in such manner, at such times, and at 
and:upon such reasonable prices and terms as shall be settled for that 
purpose by the said Officers or Commissioners requiring the same; 
That then and in any of the said cases these Our Letters Patent and 
all liberties and advantages whatsoever hereby granted, shall utterly 
cease, determine, and become void, anything hereinbefore contained 
to the contrary thereof in anywise notwithstanding. Provided, That 
nothing herem contained shall prevent the granting of Licenses in 
such manner and for such considerations as they may by Law be 
granted. And Lastly, We do by these presents, tor Us, Our heirs 
and successors, grant unto the said Wilham Morgan-Brown, his 
executors, administrators, and assigns, that these Our Letters Patent 
or the filing thereof shall be in and by all things good, firm, valid, 
sufficient, and effectual in the Law according to the true intent and 
meaning thereof, and shall be taken, construed, and adjudged in the 
most favourable and beneficial sense for the best ulvantage of the said 
William Morgan-Brown, his executors, administrators, and USSIVTIS, 
as well in all Our Courts of Record as elsewhere. and by all and 
singular the Officers and Ministers whatsoever of Us, Our heirs and 
successors In Our United Kingdom of Great Britain and Ireland, the 
Channel Islands, and Isle of Man, and amongst all and every the Sub- 
jects of Us, Our heirs and successors, whatsoever and wheresover, 
Notwithstanding the not full and certain deseribing the nature or 
quality of the said Invention or of the materials thereunto conducing 
and belonging. In witness whereof, We have caused these Our Let- 
ters to be made Patent this ninth day of December, one thousand 
cight hundred and seventy-six, in the fortieth year of Our Reign, and 
to be sealed as of the said ninth day of December, one thousand eight 


hundred and seventy-six. 


By Warrant. 
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[ hereby Certify, that the within-written Letters Patent were 
produced and registered cut the O)thce ot the Commissioners ot 
Patents for Inventions on this 28th day of November, 1879, properly 
stamped with a Stamp Duty of Fifty Pounds, pursuant to the Act 
16 Vie, e. 5. 

HW. READER LACK, 


Ch rh of the COINMISSIONCTS, 


| hereby Certify that the within Letters Patent were produced 
and reeistered at the Office of the Comuissioners of Patents for 
Inventions on this 50th day of November, 1883, properly stamped 
with a Stamp Duty of One Tundred pounds, pursuant to the Act 
16 Vie. ec. 5. 
HW. READER LACK, 


(lix'd G. 5.) Clerk of Commissioners, 
(ENDORSED) é< K ” 
¥ 
No. 4765-76. 
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[Similar certificates (bearing the same date) as to Exhibit AJ” 
by Alfred Donnison, Notary Public, and Lebbeus H. Mitchell, Vice 
and Deputy Consul-General of the United States of America for 
Great Britain and Ireland, at London. ] 
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Certificate of Comptroller- General, 


PATENT OFFICE, LonpoN. 11th May. 1885. 


l, HENRY READER LACK, Comptroller-General of Patents, 
Designs, and Trade-Marks, hereby certify that the annexed paper, 
marked “ LL,” is a true Copy of the Register of the Commissioners 
of Patents in the matter of the Petition of Wilham Morgan-Brown, 
Numbered 4765, and filed December 9th, 1876, which said Register 
is now in the Patent Office of the United Kingdom of reat Britain 
and Ireland. 

ln witness whereof [ have hereto set my hand, and 
caused the Seal of the Patent Office to be hereto attixed 
this 11th day of May, 1885. 
(i. LT.) H. READER LACK. 


( SEAL OF THE | 
| PATENT OFFICE | 


REGISTER OF PATENTS. ee L 99 
Oth December, 1876, Petition, Declaration, and Provisional 
Specification ot 
4765 WILLIAM MORGAN-BROWN, of the 


Firm of Brandon & Morgan-Brown, Engi- 
neers and Patent Agents, of 38 Southampton 
Buildings, London, and 1 Rue Laflitte, Paris, 
for grant of Letters Patent for an invention 
for linprovements in electric telephony (trans- 
mitting or causing sounds for telegraphing 


messages) and telepbonic apparatus. 
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A eommunieation to him trom 


abroad by Alexander Graham Bell, of 


the University of Boston, Massachusetts, 
United States of America, Professor ot 
Vocal Physiology. 
Sealed with the Commissioners’ Seal and 
referred to Attorney-General. 
13th December, Petition, declaration, and provisional specifi- 
‘ation left with Attorney-General for allow- 
ance. . 
27th December, Certificate of Attorney-General allowing 
provisional protection with new Declaration 
added, received, and filed, and Certificate 
thereof given. 
5th January, 1877, Provisional protection advertised in Gazette. 
8th February, Notice to- proceed received and _ filed, and 
Certificate thereof given. 
13th February, Notice to proceed advertised in Gazette. 
8th March, Petition, declaration, and provisional speciti- 
cation again referred to Attorney-General. 
12th March, Fiat for warrant received. 
8th May, Warrant left with Attorney-General for sig- 
hature. 
10th May, Warrant received, sealed, and filed. 
15th May, Letters Patent prepared, sealed, and dated the 
9th December, 1876. 
9th June, Specification filed in pursuance of Letters 
Patent. 


25th January, 1878, Petition presented by William Morgiun- 


Brown (Patentee) praying leave to file Dis- 
claimer and Memorandum of Alteration. 
28th January, Petition and Disclaimer left with Attorney- 
General. 
13th February, Fiat received, and Disclaimer and Memoran- 
dum of Alteration filed. 
14th June, Agreement—Morgan-Brown & ors. with Cox- 
Book, R. 4, pa. 396. 
25th November, Assignment—Morgan-Brown to The Tele- 
phone Cy., Ld., Book, U. 4, pa. 214. 
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28th November, 
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1879, Letters Patent stamped with £50 stamp, pro- 


27th May, 1889, 


11th September, 


15th February, 


30th November, 


duced at Office of Commissioners of Patents, 
and Certificate thereof endorsed thereon. 
et aioe a 
Tracy & anor. Book E, 5, pa. 
Assignment—The Edison Poheiens Com- 
pany, of London, Limd., to The United Tele- 
phone Company, Limd. Book’ KE 5, pa. 511. 
Assignment—The Telephone Coy., Limd. to 
The United Telephone Compy., Limd. Book 
5, pa. 455. 

Agreement—The United Telephone Coy., 
Limd., & Ors. with the National Telephone 
Coy., Limd. Book Y 5, pa. 356. 

Letters Patent stamped with £100 Stamp, 
produced at Office of Commissioners of 
Patents, and Certificate thereof endorsed 
thereon. 

, By request received and tiled, The United 
Telephone Co., Limited, of Oxford Court, 
Cannon Street, London, registered as entitled 
to an Assignment. Agreement—The Tele- 
phone Co., Limited, and The Edison Tele- 
phone Co., Limited, with the United Tele- 
phone Compy., Limited, produced, and Copy 
thereof filed. 
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From Scientific American, Supplement, for June 8, 1878. 
[READ BEFORE THE ROYAL SOCIETY, LONDON, MAy 9, 1878.] 


ON THE ACTION OF SONOROUS VIBRATIONS IN VARY- 
ING THE FORCE OF AN ELECTRIC CURRENT. 


BY PROF. D. E. HUGHES. 


COMMUNICATED BY PROF. HUXLEY, F. R. S., &c. RECEIVED May 8, 1878. 


The introduction of the telephone has tended to develop our 
knowledge of acoustics with great rapidity. It offers to us an instru- 
ment of great delicacy for further research into the mysteries of 
acoustic phenomena. It detects the presence of currents of elec- 
tricity that have hitherto only been suspected, and it shows variations 
in the strengths of currents which no other instrument ‘has ever in- 
dicated. | 

It has led me to investigate the effect of sonorous vibrations upon 
the electrical behavior of matter. Willoughby Smith has shown that 
the resistance of selenium is affected by light, and Bornstein has led 
us to believe that many other bodies are similarly affected. We 
know also that the resistance of all bodies is materially influenced by 
heat. Sir William Thomson and others have shown that the resist- 
ance to the passage of currents offered by wires is affected by their 
being placed under strains, and, inasmuch as the conveyance of sono- 
rous vibrations induces rapid variations in the strains at different 
points of a wire, I believed that the wire would vary in its resistance 
when it was used to convey sound. To investigate this, I made a 
rough-and-ready telephone, with a small bar magnet four inches long, 
half the coil of an ordinary electro-magnet, and a square piece of 
ferrotype iron, three inches square, clamped rigidly in front of one 
pole of the magnet, between two pieces of board. When using the 
pendulum beats of a small French clock, or the voice, as a source of 
sound, I found this arrangement supplied me with an extremely deli- 
cate phonoscope, or sound detector. 

All the experiments detailed in this paper were made with the 
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From Scientific American, Supplement, for June 8, 1878. 


. | [READ BEFORE THE Roya Society, LONDON, May 9, 1878.) 
7 | ON THE ACTION OF SONOROUS VIBRATIONS IN VARY- 
ake ING THE FORCE OF AN ELECTRIC CURRENT. 
BY PROF. D. E. HUGHES. 
COMMUNICATED BY PROF. HUXLEY, F. R. S., &c. RECEIVED MaAy 8, 1878. 
2 The introduction of the telephone has tended to develop our 


knowledge of acoustics with great rapidity. It offers to us an instru- 
ment of great delicacy for further research into the mysteries of 
acoustic phenomena. It detects the presence of currents of elec- 
tricity that have hitherto only been suspected, and it shows variations 
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in the strengths of currents which no other instrument ‘has ever in- 


dicated. 

It has led me to investigate the effect of sonorous vibrations upon 
the electrical behavior of matter. Willoughby Smith has shown that 
the resistance of selenium is affected by light, and Bornstein has led 
us to believe that many other bodies are similarly affected. We 
f | know also that the resistance of all bodies is materially influenced by 
heat. Sir William Thomson and others have shown that the resist- 
ance to the passage of currents offered by wires is affected by their 


- 


- 
AB KM 
s 


ad 


being placed under strains, and, inasmuch as the conveyance of sono- 
rous vibrations induces rapid variations in the strains at different 
points of a wire, I believed that the wire would vary in its resistance 
when it was used to convey sound. ‘To investigate this, ] madea 
rough-and-ready telephone, with a small bar magnet four inches long, 
half the coil of an ordinary electro-magnet, and a square piece of 
ferrotype iron, three inches square, clamped rigidly in front of one 
pole of the magnet, between two pieces of board. When using the 
pendulum beats of a small French clock, or the voice, as a source of 
sound, I found this arrangement supplied me with an extremely deli- 
cate phonoscope, or sound detector. 

All the experiments detailed in this paper were made with the 
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Under such conditions the willow carbon will be found to be metal- 
lized, having the metal distributed throughout its pores in a fine state 
of division. Iron also seems to enter the pores, if heated to a white 
heat without being chemically combined with the carbon as in 
graphite, and indeed some of the best results have been obtained 
from willow charcoal, containing iron in a fine state of division. 

Pine charcoal, treated in this manner (although a non-conductor as 
a simple charcoal), has high conductive powers, due to the iron, and 
from the minute division of the iron in the pores is a most excel- 
lent material for the purpose. 

Any one of these preparations, combined in a glass tube or a box, and 
provided with wires for insertion ina circuit, I call a “transmitter.” 

Reis, in 1860, showed how, by the movement of a diaphragm, 
intermittent voltaic currents could be transmitted, agreeing in exact 
number with the sonorous waves impinging on the diaphragm, and 
thus reproducing music ata distance, by causing an electro-magnet 
to vibrate in unison with the diaphragm; and with an iron dia- 
phragm, Graham Bell showed how the vibrations of that diaphragm 
in front of a polarized electro-magnet could similarly induce mag- 
neto-currents, corresponding in number, amplitude, and form with 
the sonorous vibration, and thus reproduce all the delicacies of the 
human voice. Edison and others have produced variations in the 
strengths of a constant current, by causing the diaphragm to press 
directly upon some elastic conductor, such as carbon, spongy plati- 
num, &c., the varying pressure upon these materials varying the 
resistance of the circuit, and°consequently the strength of current 
flowing. Graham Bell and others have produced the same effect, by 
causing the vibrations of ‘the diaphragm to vary the electro-motive 
force in the circuit. It will be seen, however, that in the experi- 
ments made by myself the diaphragm has been altogether discarded, 
resting as it does upon the changes produced by molecular action, 
and that the variations in the strengths of the currents flowing are 
produced simply and solely by the direct effect of the sonorous 
vibrations. 

I have found that any sound, however feeble, produces vibrations 
which can be taken up by the matter interposed in the electrical cir- 
cuit. Sounds absolutely inaudible to the human ear affect the resist- 
ance of the conductors described above. In practice, the effect is so 
sensitive that a slight touch on the board by the finger nail, on which 
the transmitter is placed, or a mere touch with the soft part of a feather, 
would be distinctly heard at the receiving station. The movement 
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of the softest camel hair brush on any part of the board is distinctly aud- 
ible. If held in the hand several feet froma piano, the whole chords— 
the highest as well as the lowest—can be distinctly heard at a distance. 
If one person sings a song, the distant station, provided with a simi- 
lar transmitter, can speak and sing at the same time, and the sounds 
will be received loud enough for the person singing to follow the sec- 
ond speech or song sent from the distant end. 

Acting on these facts, I have also devised an instrument suitable 
for magnifying weak sounds, which I call a smzcrophone, The mi- 
crophone, in its present form, consists simply of a lozenge-shaped 
piece of gas carbon, one inch long, quarter inch wide at its centre, 
and one-eighth of an inch in thickness. The lower pointed end 
rests as a pivot upon a small block of similar carbon; the upper end, 
being made round, plays free in a hole in a small carbon block, 
similar to that at the lower end. The lozenge stands vertically upon 
its lower support. The whole of the gas carbon is tempered in 
mercury, in the way previously described, though this is not abso- 
lutely necessary. The form of the lozenge-shaped carbon is not of 
importance, provided the weight of this upright contact piece is 
only just sufficent to make a feeble contact by its own weight. 
Carbon is used in preference to any other material, as its surface 
does not oxidize. A platinum surface in a finely divided state is 
equal, if not superior, to the mercurized carbon, but more difficult 
and costly to construct. I have also made very sensitive ones 
entirely of iron. 

The best form and materials for this instrument, however, have 
not yet been fully experimented on. Still, in its present shape, it is 
capable of detecting very faint sounds made in its presence. If a 
pin, for instance, be laid upon or taken off a table, a distinct sound 
is emitted, or if a fly be confined under a table-glass, we can hear the 
fly walking, with a peculiar tramp of its own. The beating of a 
pulse, the tick of a watch, the tramp of a fly, can thus be heard at 
least a hundred miles distant from the source of sound. In fact, 
when further developed by study, we may fairly look for it to do for 
us, with regard to faint sounds, what the microscope does with mat- 
ter too small for human vision. 

It is quite evident that these effects are due to a difference of pres- 
sure at the different points of contact, and that they are dependent 
for the perfection of action upon the number of these points of con- 
tact. Moreover, thev are not dependent upon any apparent differ- 
ence in the bodies in v.ontact, but the same body, in a state of minute 
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subdivision, is equally effective. Electrical resistance is a function 
of the mass of the conductor, but sonorous conduction is a function 
of the molecules of matter. How is it, therefore, that a sonorous 
wave can so affect the mass of a conductor as to influence its elec- 
trical resistance? If we assume a line of molecules, we know that a 
sonorous wave is accompanied by alternate compressions and rare- 
factions. If we isolate the part under compression from the part 
under dilatation, we vary the dimensions of the mass, and we alter its 
electrical resistance. In any homogeneous conductor of finite dimen- 
sions, the effect of the one will exactly compensate for the effect of 
the other, and we get no variation of current; but if we break up 
this homogeneous conductor into a series of minute subdivisions, 
without actually breaking their electrical continuity, we destroy this 
neutralizing influence, and we render evident the effect of sonorous 
vibrations in varying the dimensions of the mass of the conductor, 
and therefore in varying its electrical resistance, for we reduce the 
length of a portion of the conductor to a fraction of the length 
of a sonorous wave. Molecular action, alone, explains to me all the 
effects produced. Size or snape does not effect them. A piece of 
willow charcoal the size of a pin’s head is quite sufficient to produce 
articulate speech. I regard the action as follows: If we have two 
separate conductors, joined simply by contact, this contact offers a 
certain resistance. Now, we can vary or lessen the resistance by in- 
creasing the pressure, thus bringing more points in contact, or closer 
proximity. Now,as I employ aconstant pressure on the contact, which 
is exactly under the same influence of the vibrations as the points of 
contact, more points, or closer proximity, can only be obtajned through 
the molecular swelling or movement of the contact points. 

If we assume a line of molecules at the point of contact of the 
minute masses of conducting matter in their neutral condition to be 
arranged thus, QOOQOO They will appear thus under compres- 
sion, Q0000 and thus under dilatations OCOOCO In the 
former case the electrical resistance would be /ess, and in the latter 
case more, than in the normal condition. Hence we should get vari- 
ation in their electrical resistance, and thus sonorous waves could vary 
the strength of an electric current, and the variations of the electric 
current can be made to reproduce sonorous vibrations. These, how- 
ever, would only produce the result in a certain line, say horizontal; 
but those perpendicular, while producing the same result, would bea 
half vibration behind, and thus if two contacts, the one horizontal and 
the other perpendicular, were on the same piece of charcoal, and the 
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conducting line joined to both, we should have interference. The con- 
trary takes place, as the more contacts we have, and the more varied 
their direction onthe same, the louder and purer the sound becomes. 
Hence there is no interference, and consequently the whole mass must 
swell and diminish equally in all directions at the same instant of 
time. 

The tube transmitter, which I exhibit this evening, consists of an ex- 
terior glass tube two inches long and one-quarter of an inch in diam- 
eter. In it are four separate pieces of willow charcoal, each one-quar- 
ter ofan inch long, and two terminals of the same material. The ter- 
minals are fastened in the tube, and connect exteriorly with the line 
and interiorly with the four loose pieces, thus :— 
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Here A is made to press on B, C, D, E, and F, until the resistance 
offered to the electrical current is about one-third that of the line upon 
which it is to be employed. It may be attached to a resonant board 
by the ends A or F. Ifthe result was simply due to vibrations, we 
should have A and B making greater contact at a different time from 

“and F, and consequent interference. If it was a simple shaking or 
moving of B, C, D, E, and F, it could produce no change, as, if B 
pressed more strongly on C, it would be less on A, and also if the 
tube was attached by the centre we should have no effect; but if the 
effect is due to a swelling or enlargement of B, C, D, E, F, it would 
make no difference where it is attached to the resonant board, as is 
actually the case. Again, reduce the pressure of A upon B, &c., until 


they are not in contact, and no trace of current can be perceived by 
shaking the tube. The instant the sonorous vibrations pass in the 
tube there is electric contact to a remarkable degree, which could only 
have taken place by the molecules enlarging their sphere under the in- 
fluence of the sonorous vibrations. 

It is impossible to say what can be the applications of the effects of 
the discovery which I have had the honor of bringing before the Royal 
Society, for the whole question has been studied with crude materials, 
and scarcely sufficient time has elapsed to enable me to consider its 
ultimate uses. I do not desire toassert that there is anything in what 
I have brought forward that is superior to or equal to other trans- 
mitters used for telephony. It is as loud and far more sensitive than 
any I have yet heard, and it may be increased by multiplication of 
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subdivision, is equally effective. Electrical resistance is a function 
of the mass of the conductor, but sonorous conduction is a function 
of the tnolecules of matter. How is it, therefore, that a sonorous 
wave can so affect the mass of a conductor as to influence its elec- 
trical resistance? If we assume a line of molecules, we know that a 
sonorous wave is accompanied by alternate compressions and rare- 
factions. If we isolate the part under compression from the part 
under dilatation, we vary the dimensions of the mass, and we alter its 
electrical resistance. In any homogeneous conductor of finite dimen- 
sions, the effect of the one will exactly compensate for the effect of 
the other, and we get no variation of current; but if we break up 
this homogeneous conductor intoa series of minute subdivisions, 
without actually breaking their electrical continuity, we destroy this 
neutralizing influence, and we render evident the effect of sonorous 
vibrations in varying the dimensions of the mass of the conductor, 
and therefore in varying its electrical resistance, for we reduce the 
length of a portion of the conductor to a fraction of the length 
of a sonorous wave. Molecular action, alone, explains to me all the 
effects produced. Size or shape does not effect them. A piece of 
willow charcoal the size of a pin’s head is quite sufficient to produce 
articulate speech. I regard the action as follows: If we have two 
separate conductors, joined simply by contact, this contact offers a 
certain resistance. Now, we can vary or lessen the resistance by in- 
creasing the pressure, thus bringing more points in contact, or closer 
proximity. Now,as I employ aconstant pressure on the contact, which 
is exactly under the same influence of the vibrations as the points of 
contact, more points, or closer proximity, can only be obtajned through 
the molecular swelling or movement of the contact points. 

If we assume a line of molecules at the point of contact of the 
minute masses of conducting matter in their neutral condition to be 
arranged thus, QOQOO They will appear thus under compres- 
sion, QQQQQ and thus under dilatation, COSCO In the 
former case the electrical resistance would be J/ess, and in the latter 
case more, than in the normal condition. Hence we should get vari- 
ation in their electrical resistance, and thus sonorous waves could vary 
the strengtl. of an electric current, and the variations of the electric 
current can be made to reproduce sonorous vibrations. These, how- 
ever, would only produce the result in a certain line, say horizontal; 
but those perpendicular, while producing the same result, would bea 
half vibration behind, and thus if two contacts, the one horizontal and 
the other perpendicular, were on the same piece of charcoal, and the 
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conducting line joined to both, we should have interference. The con- 
trary takes place, as the more contacts we have, and the more varied 
their direction on the same, the louder and purer the sound becomes. 
Hence there is no interference, and consequently the whole mass must 
swell and diminish equally in all directions at the same instant of 
time. 

The tube transmitter, which I exhibit this evening, consists of an ex- 
terior glass tube two inches long and one-quarter of an inch in diam- 
eter. In it are four separate pieces of willow charcoal, each one-quar- 
ter ofan inch long, and two terminals of the same material. The ter- 
minals are fastened in the tube, and connect exteriorly with the line 
and interiorly with the four loose pieces, thus :— 
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Here A is made to press on B, C, D, E, and F, until the resistance 
offered to the electrical current is about one-third that of the line upon 
which it is to be employed. It may be attached to a resonant board 
by the ends A or F. Ifthe result was simply due to vibrations, we 
should have A and B making greater contact at a different time from 
E and F, and consequent interference. If it was a simple shaking or 
moving of B, C, D, E, and F, it could produce no change, as, if B 
pressed more strongly on C, it would be less on A, and also if the 
tube was attached by the centre we should have no effect; but if the 
effect is due to a swelling or enlargement of B, C, D, E, F, it would 
make no difference where it is attached to the resonant board, as is 
actually the case. Again, reduce the pressure of A upon B, &c., until 
they are not in contact, and no trace of current can be perceived by 


shaking the tube. The instant the sonorous vibrations pass in the 
tube there is electric contact to a remarkable degree, which could only 
have taken place by the molecules enlarging their sphere under the in- 
fluence of the sonorous vibrations. 

It is impossible to say what can be the applications of the effects of 
the discovery which I have had the honor of bringing before the Royal 
Society, for the whole question has been studied with crude materials, 
and scarcely sufficient time has elapsed to enable me to consider its 
ultimate uses. I do not desire toassert that there is anything in what 
I have brought forward that is superior to or equal to other trans- 
mitters used for telephony. It is as loud and far more sensitive than 
any I have yet heard, and it may be increased by multiplication of 
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transmitting contacts in quantity or intensity; the loudness is at 
present limited by the capability of the receiver. The materials at my 
disposal, and the arrangement of them, have not yet been sufficiently 
studied. I only wished to show that it is possible to transmit clear 
and intelligent articulate speech, and to render audible sounds which 
have hitherto been inaudible, by the mere operation of sonorous vibra- 
tions upon the conducting power of matter. My warmest thanks are 
due to Mr. W. H. Preece, electrician to the Post Office, for his appreci- 
ation of the importance of the facts I have stated, and for his kind 
counsel and aid in the preparation of this paper. 

I do not intend to take out a patent, as the facts I have mentioned 
belong more to the domain of discovery than invention. No doubt 
inventors will ere long improve on the form and materials employed. 
I have already my reward in being allowed to submit my researches 
to the Royal Society. 


COMPLAINANTS’ EXHIBIT “HUGHES JUNE 8, 1878, ARTICLE.” 


From The London, Edinburgh, and Dublin Philosophical Magazine and Journal 
of Science, Vol. VI., Fifth Series, July, 1878, pp. 44-50. 
ON THE PHYSICAL ACTION OF THE MICROPHONE.* 
BY PROFESSOR HUGHES. 

In the paper read on the oth of May, before the Royal Society, I 
gave a general outline of the discoveries [ had made, the materials 
used, and the forms of microphone employed in demonstrating im- 
portant points. I have made a great number of microphones, each 
for some special purpose, varying in form, mechanical arrangement, 
and materials. It would require too much time to describe even a 
few of them, and as I am anxious in this paper to confine myself to 
general considerations, I will take it for granted that some of the 
forms of instrument and the results produced are already known. 

The problem which the microphone solves is this: To introduce 
into an electrical circuit an electrical resistance, which resistance shall 
vary in exact accord with sonorous vibrations so as to produce an un- 
dulatory current of electricity from a constant source, whose wave- 
length, height, and form shall be an exact representation of the sonor- 
ous waves. In the microphone we have an electric conducting mate- 
rial susceptible of being influenced by sonorous vibrations, and thus 
we have the first step of the problem. 


(me ne 


* Communicated by the Physical Society, having been read June 8, 1878. 
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The second step is one of the highest importance. It is essential 
that the electrical current flowing be thrown into waves of determi- 
nate form, by the sole action of the sonorous vibrations. I resolved 
this by the discovery that when an electric conducting matter in a 
divided state, either in the form of powder, filings, or surfaces, is put 
under a certain slight pressure, far less than that which would pro- 
duce cohesion and more than would allow it to be separated by sonor- 
ous vibrations, the following state of things occurs. The molecules at 
these surfaces being in a comparatively free state, although electrically 
joined, do of themselves so arrange their form, their number in con- 
tact, or their pressure (by increased size or orbit of revolution), that 
the increase and decrease of electrical resistance of the circuit is altered 
in a very remarkable manner, so much so as to be almost fabulous. 

The problem being solved, it is only necessary to observe certain 


. general considerations to produce an endless variety of microphones, 


each having a special range of resistance. 

The tramp of a fly or the cry of an insect requires little range, but 
great sensitiveness; and two surfaces, therefore, of chosen materials 
under a very slight pressure, such as the mere weight of a small su- 
perposed conductor, suffice; but it would be unsuitable for a man’s 
voice, as the vibrations would be too powerful, and would, in fact, go 
so far beyond the legitimate range, that interruptions of contact 
amounting to the well-known “ make and break” would be produced. 

A man’s voice requires four surfaces of pine charcoal, as is de- 
scribed in my paper to the Royal Society, six of willow charcoal, 
eight of boxwood, and ten of gas carbon. The effects, however, are 
far superior with the four of pine, than with either the ten of gas car- 
bon or any other material, as yet used. It should be noted that pine 
wood is the best resonant material we possess; and it preserves its 
structure and quality, when converted into the peculiar charcoal I have 
discovered and described. | 

It is not only necessary to vary the number of surfaces and mate- 
rials, in accordance with the range and power of the vibrations, but 
these surfaces and materials must be put under more or less pressure, 
in accordance with the force of the sonorous vibrations. Thus fora 
man’s voice, the surfaces must be under a far greater pressure than 
for the movements of insects. Still, the range of useful effect is very 
great, as the boxes which I have specially arranged for a man’s voice 
are still sensitive to the tick of a watch. 

In all cases it should: be so arranged that a perfect undulatory cur- 
rent is obtained from the sonorous vibrations of a certain range. 


ft 
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Thus, when speaking to a microphone transmitter of human speech, 
a galvanometer should be placed in the circuit, and, while speaking, 
the needle should not be deflected, as the waves of -+- and — elec- 
tricity are equal, and are too rapid to disturb the needle, which can 
only indicate a general weakening or strengthening of the current. If 
the pressure on the materials is not sufficient, we shall have a constant 
succession of interruptions of contact, and the galvanometer needle 
will indicate the fact. If the pressure on the materials is gradually 
increased, the tones will be loud but wanting in distinctness, the gal- 
vanometer indicating interruptions; as the pressure is still increased, 
the tone becomes clearer, and the galvanometer will be stationary 
when a maximum of loudness and clearness is attained. If the pres- 
sure be further increased, the sounds become weaker, though very 
clear; and as the pressure is still further augmented, the sounds die 
out (as if the speaker were talking and walking away at the same 
time), until a point is arrived at where there is complete silence. 

When the microphone is fixed to a resonant board, the lower con- 
tact should be fixed to the board, so that the sonorous vibrations 
act directly on it. The upper contact, where the pressure is applied, 
should be as free as possible from the influence of the vibrations, 
except those directly transmitted to it by the surfaces underneath ; 
it (the upper surface) should have its inertia supplemented by that of 
a balance weight. ‘This inertia | find necessary, to keep the contact 
unbroken by powerful vibrations. No spring can supply the required 
inertia ; but an adjustable spring may be used to insure that the com- 
paratively heavy lever shall duly press on the contacts. 

The superposed surfaces in contact may be screwed down by an 
insulated screw passing through them all, thus doing away with the 
lever and spring; but this arrangement is far more difficult to adjust, 
and the expansion by heat of the screw causes a varying pressure. 
It is exceedingly simple, however, easily made, and illustrates the 
theoretical conditions better than the balanced lever I have adopted 
in practice. 

In order to study the theoretical considerations, and that with the 
most simple form of microphone, freed from all surrounding mech- 
anisms, let us take a flat piece of charcoal two millimetres thick and 
one centimetre square, and after making electrical contact by means 
of a copper wire on the lower surface, glue that to a small resonant 
board or better for the purpose of observation, to a block of wood 
ten centimetres square. Upon this superpose one or more similar 
blocks of charcoal, the upper surface in communication with a wire, 
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the lowermost surface resting flat, or as nearly so as possible, on the 
lower block. The required pressure 
is put on the upper block; and while 
in this state the two may be fastened 
together with glue at the sides, or, 


EB better, by an insulated screw. The 
A pressure can then be removed, as the 

j we - 
screw or glue equally preserves the 


force. Let the lower piece be called A, and the upper B; when we 
subject this board to sonorous vibrations, we cannot imagine an un- 
dulatory movement of the actual wave-length in such a mass, that is 
a length comparable with the real wave-length of the sonorous wave, 
wuich may be several feet. Nor can we imagine a wave of any length, 
without admitting that the force must be transmitted from molecule 
to molecule throughout the entire length ; thus any portion of a wave, 
of which this block represents a fraction, must be in molecular activity. 

The lower portion of the charcoal A, being part of the block itself, 
has this molecular action throughout, transmitting it also to the 
upper block. How is it that the molecular action at the surfaces of 
A and B should so vary the conductivity or electrical resistance as to 
throw it into waves in the exact form of the sonorous vibrations ? 
It cannot be because it throws up the upper portion, making an 
intermittent current, because the upper portion, is fastened to the 
lower, and the galvanometer does not indicate any interruption of 
current whatever. It cannot be because the molecules arrange them- 
selves in stratified lines, becoming more or less conductive, as then 
surfaces would not be required; that is, we should not require dis- 
continuity between the blocks A and B; nor would the upper 
surface be thrown up if the pressure be removed, as sand is ona 
vibrating glass. The throwing up of this upper piece B, when 
pressure is removed, proves that a blow, pressure, or upheaval of 
the lower portion takes place; that this takes place there cannot be 
any doubt, as the surface, considered alone (having no depth), could 
not bodily quit its mass. In fact, there must have been a movement 
to a certain depth; and I am inclined to believe, from numerous 
experiments, that the whole block increases and diminishes in size at 
all points, in the centre as well as the surface, exactly in accordance 
with the form of the sonorous wave. Confining our attention, how- 
ever, to points on A and B, how can this increased molecular size or 
form produce a change in the electrical waves? This may happen in 
two ways: first, by increased pressure on the upper surface, due to its 
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enlargement; or, second, the molecules themselves, finding a certain 
resistance opposed to their upward movement, spread themselves, 
making innumerable fresh points of contact. Thus an undulatory 
current would appear to be produced by infinite change in the num- 
ber of fresh contacts. I am inclined to believe that both actions 
occur, but the latter seems to me the true explanation, for if the first 
were alone true, we should have a far greater effect from metal pow- 
der, carbon, or some elastic conductor, such as metallized silk, than 
from gold, or other hard, unoxidizable matter; but, as the best re- 
sults as regards the human voice were obtained from two surfaces of 
solid gold, I am inclined to view with more favor the idea that an 
infinite variety of fresh contacts brought into play by the molecular 
pressure, affords the true explanation. It has the advantage of being 
supported by the numerous forms of microphone I have constructed, 
in all of which I can fully trace the effect. 

I have been very much struck by the great mechanical force exerted 
by this uprising of the molecules under sonorous vibrations. With 
vibrations from a musical box two feet in length, I found that one 
ounce of lead was not sufficient on a surface of contact one centime- 
tre square to maintain constant contact; and it was only by removing 
the musical box toa distance of several feet, that I was enabled to 
preserve continuity of current with a moderate pressure. I have 
spoken to forty microphones at once, and they all seemed to respond 
with equal force. Of course there must be a loss of energy in the 
conversion of molecular vibrations into electrical waves; but it is so 
small that I have never been able to measure it with the simple ap- 
pliances at my disposal. I have examined every portion of my room 
—wood, stone, metal, in fact, all parts—and even a piece of India- 
rubber: all were in molecular movement whenever I spoke. As yet 
I have found no such insulator for sound as gutta percha is for elec- 
tricity. Caoutchouc seems to be the best; but I have never been 
able, by the use of any amount at my disposal, to prevent the micro- 
phone reporting all it heard. | 

The question of insulation has now become one of necessity, as 
the microphone has opened to us a world of sounds, of the existence 
of which we were unaware. If we can insulate the instrument so as 
to direct its powers on any single object, as at present I am able to 
do on a moving fly, it will be possible to investigate that object undis- 
turbed by the pandemonium of sounds which at present the micro- 
phone reveals where we thought complete silence prevailed. 

I have recently made the following curious observation. A micro- 
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phone on a resonant board is placed in a battery-circuit, together with 
two telephones. When one of these is placed on the resonant board, a 
continuous sound will emanate from the other. The sound is started 
by the vibration which is imparted to the board when the telephone 
is placed on it; this impulse, passing through the microphone, sets 
both telephone-discs in motion; and the instrument on the board, 
reacting through the microphone, causes a continuous sound to be 
produced, which is permanent so long as the independent current of 
electricity is maintained through the microphone. It follows that the 

question of providing a 7e/ay for the human voice in telephony is thus 
solved. 

The transmission of sound through the microphone is perfectly 
duplex; for if two correspondents use microphones as transmitters 
and telephones as receivers, each can hear the other, but his own 
speech is inaudible; and if each sing a different note, no chord 
is heard. The experiments on the deaf have proved that they can be 
made to hear the tick of a watch, but not, as yet, human speech dis- 
tinctly ; and my results in this direction point to the conclusion that we 
only hear ourselves speak through the bones and not through the ears. 

However simple the microphone may appear at first glance, it has 
taken me many months of unremitting labor and study, to bring it to its 
present state through the numerous forms, each suitable for a special 
object. The field of usefulness for it widens every day. Sir Henry 
Thompson has succeeded in applying it to surgical operations ‘of 
great delicacy, and by its means splinters, bullets, in fact all foreign 
matter, can be at once detected. Dr. Richardson and myself have 
been experimenting in lung and heart diseases; and, although the 
application by Sir H. Thompson is more successful, I do not doubt 
that we shall ultimately succeed. There is also hope that deafness 
may be relieved. For telephony articulation has become perfect, and 
the loudness increased. Duplex and multiplex telegraphy will profit 
by its use, and there is hardly a science where acoustics has any 
direct or indirect relation which will not be benefited. And I feel 
happy in being able to present this paper on the results obtained by 
a purely physical action to such an appropriate and appreciative body 
as the Physical Society. 

In conclusion, allow me to state that throughout the whole of my 
investigations I have used Professor Bell’s wonderfully sensitive tele- 
phone instrument as a receiver, and that it is owing to the discovery 
of so admirable an appliance that I have been enabled to commence 
and follow up my researches. 
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Met pursuant to notice at 11 o'clock A. M., age Dr. Charles M. 
Crégson’s office, 417 Walnut street, in the city ‘of Philadelphia. 
Present: FURMAN SHEPPARD, Esq., Counsel for Re spondents. 

E. N. Dickerson, Eso., Counsel for fLomplainants. 


ee 


Dr. Charles M. Cresson, a witness prodyeed on behalf of respond- 
ents, being d lily a firmed, deposes and sags as follows :— 

0 1. What isyyour name, age, place @t business, and profession ? 

A. Charles M. q: ‘esson; [am in te fifty-eighth year of my age; 
by profession an an&lytical chemist, #ind expert in physics, and have 
followed this professt@n during agperiod of over thirty-three years; 
my Age lace of business is*t No. 447 Walnut street, Philac delphia. 

. What experience Rave you had in the investigation of electri- 
cal a ices, and what oppor > a gaining information in telegraphy 
and telephony ? 

A. I have frequently be eh ertfg] oy ed in the construction and exam- 
ination of -various devic os for ele@ 
poses. My first know Iga g re of the e 
the meetings of the C pms on Sci@gce and the Arts of the Frank- 
lin Institute, of whigh my father was f@ 
An exhibition of * the electric: 1 telegraph W 
mittee, at a meetingwhen I was present, by Prey 


‘ical telegraphy and kindred pur- 
actrical telegraph was acquired at 


, many years the chairman. 
3s made before that com- 
afessor Morse, in the year 
1838, and it was fllowed in succeeding years By other telegraphic ex- 
hibits, includinggthe chemical and type telegraph&of Bain, House, and 
others. | 

Models of tdese various sorts of telegraphs, and o&other electrical 
devices (such as those of Professor Robert Hare and F pofessor Page 
and Joseph S@xton), were used as illustrations at the lec&yres at the 
Franklin Institute, at which lectures I was an assistant, andpok part 
in the preparation of the apparatus used in illustration, and“4n this 
way I became familiar with the practical manipulations requir& by 
each. 

During the years from 1857 until 1876 I had occasion to repeat, 
many of the experiments described by Professor Michael Faraday in ‘ 
his work entitled “ Experimental Researches in Electricity.” I refer 
chiefly to those upon the induction of electrical currents by magnets, 
and I have had built and used apparatus similar to that described by 


Faraday as used by him. I was present at the United States Centen- 
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FOR THE 


EASTERN DISTRIOT OF PENNSYLVANIA, IN THE THIRD CIRCUIT. 


Or APRIL SEsSION, 1884, No. 15. 


AMERICAN BELL TELEPHONE COMPANY ET AL. 
US. 
THE CLay CoMMERCIAL TELEPHONE COMPANY ET AL. 


Testimony taken on behalf of defendant before Samuel Bell, Special 
Examiner, at the office of Furman Sheppard, Esq., No. 717 Walnut 
street, Philadelphia, this twenty-third day of March, A. D. 1885, 
and on subsequent days by adjournment. 


Present: CHARLES Howson, of Counsel for Complainants. 
FURMAN SHEPPARD, Esoq., of Counsel for Respondents. 


Defendants’ counsel offers in evidence the following publications, 
being those referred to by plaintiffs’ witness Charles R. Cross, in his 
answer to cross-interrogatory 81, viz.: 


Frankfurter Conversationsblatt, November 29, 1861. 

Fortschritte der Physik xvii., for 1861, pp. 171-3. 

Deutsche Industrie Zeitung, 1863. Chemnitz, April 17, 1863, No. 
16, p. 184; May 1, 1863, No. 18, p. 208; May 209, 1863, No. 22, p. 249. 

BorTGcEr’s Polytechnisches Notizblatt, 1863, No. 61. 

Reis's Letter to Lapp, Journal of the Telegraph,. Engineers, and 
of Electricians, for March, 1863, No. 46. 

The Newcastle Daily Chronicle and Northern Counties Advertiser, 
Saturday, August 29, 1863. 

Report of the Thirty-third Meeting of the British Association for 
the Advancement of Science, in August and September, 1863, pub- 
lished 1864. 
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Prospectus of Mr. ALBERT, August, 1863. 

Circular of REIs. 

Reis’s Descriptive Circular. 

DINGLER’s Polytechnic Journal, vol. clxix., p. 23. 

Fortschritte der Physik, 1863, p. 96. 

Gartenlaube Reis Improved Apparatus, No. 51, December, 1863. 

Cosmo’s Description of REtrs, vol. xxiv., pp. 349, 352. Printed 
and published at Paris, March 22, 1864. 

Cuiirton’s Description of Reis. Proceedings of the Literary and 
Philosophical Society of Manchester. Published at Manchester, 1865. 

KoeEnic’s Description of Rets. ‘‘ Catalogue des Appareils d’Acous- 
tique,” Paris, 1865, p. 5. 

Pisko’s Neuren Apparate der Akustik, Wien, 1865, p. 241. 

Catalogue of J. W. ALBERT, Mechanician at Frankfort-on-the-Main, 
1866. 

Electricity, by R. M. FErGuson, London, 1867, p. 257. 

Lehrbuch der Physik und Meteorologie, von Jon. MULLER, Siebente 
Auflage, Zweiter Band,,1868, pp. 386-3809. 

The Manufacturer and Builder, May 1869, Dr. VAN DER WEYDE’s 
article, The Telephone. 

The Wonders of Electricity, translated from the French of J. BAILE, 
New York, Scribner, Armstrong & Co., 1872, pp. 140-143. 

Catalogue of J. W. AvsBert, Mechanician at Frankfort-on-the- 
Main, 1873. 

Dr. VAN DER WEyDE’s second article, The Invention of the Tele- 
phone, Scientific American, March 4, 1876. 

Report of the Exhibition of Scientific Apparatuses in South Ken- 
sington Museum, London, 1876, p. 188, Group 6, Sound 922. 

Report of the Forty-seventh Meeting of the British Association for 
the Advancement of Science, held at Plymouth in August, 1871, 
article by W. H. PREECE Ox the Telephone. 

The Telephone, by Pror. A. E. DoLBEar, Boston, Lee & Shepard, 
1877, pp. 99-110. : 

Also the following :— 

Jahres Bericht des Physikalischen Vereins zu Frankfurt-am-Main. 
Fir das Rechnungsjahr, 1860-1861, being Yearly Report of the Physi- 
cal Society at Frankfort-A.-M., 1860-61, pp. 57-64. (Published in 
1862.) 

Reis Legat Article, being Journal of the German Austrian Tele- 
graph Association, vol. 9, p. I, 1862. Concerning the reproduction 
of sounds by means of galvanic electricity by V. Lecat, Royal Prus- 


PUBLICATIONS OFFERED IN EVIDENCE. 


sian Telegraph Inspector at Cassel, accompanied by copperplates 
VIII. and IX. 

BoTTGER’s account of Reis’ Improved Apparatus. DINGLER’S 
Polytechnic Journal, vol. 169, p. 399. 

Pisko’s Description of Reis; Pisko die Neueren Apparate der 
Akustik, Vienna, 1865, pp. 94, e¢ seq. 

Kuun’s Description of Reis; Handbuch der Angewandten Elektri- 
citatslehre Von Kari KuHn, 1865, pp. 1017-1021. 

Hasster’s Description of Reis; HAsster’s Technical Physics, 
Vienna, 1866, vol. I, 648. 

It is agreed between counsel that counsel on either side may refer 
to the foregoing publications as contained in the pleadings, evidence, 
and exhibits in the case of the American Bell Telephone Company 
vs. A. D. Dolbear, in the United States Circuit Court, District of 
Massachusetts, and may reprint said publications as therein found. 

Also a Lecture entitled “ Researches in Electric Telephony,” by 
Professor ALEXANDER GRAHAM BELL, delivered before the Society of 
Telegraph Engineers, October 31, 1877. Published by the Society 
and edited by Lieutenant-Colonel FRANK Botton, C. E., Honorable 
Secretary, and WILLIAM EDWARD LanaGpown, Acting Secretary, and the 
same is marked “ Defendant’s Exhibit, Bell’s Lecture.” 

Also specification provisional and Complete of English Letters Pat- 
ent to WILLIAM MorGAN Browy, of the firm of BRANDON and MORGAN 
Brown, Engineers and Patent Agents, of 38 Southampton Buildings, 
London, and 1 Rue Laffitte, Paris, for an invention of “Improvements 
in Electric Telephony (transmitting or causing sounds for telegraph 
messages) and Telephonic Apparatus,’ communicated to him from 
abroad by ALEXANDER GRAHAM BELL, of the University of Boston, 
Massachusetts, United States of America, Professor of Vocal Physi- 
ology. Provisional specifications filed December 9g, 1876, and com- 
pleted specifications filed and sealed June g, 1877; A. D. 1876, oth 
of December, No. 4765, and the same is marked “ Defendant’s Ex- 
hibit, MORGAN Brown’s Specification.” 

Also disclaimer and memorandum of alteration entered by the said 
WILLIAM MorGAN Brown, of certain parts in the specification of the 
said Letters Patent pursuant to the statute in that case made and pro- 
_ vided. Filed 13th February, 1878, and the same is marked Defend- 
ants Exhibit Memorandum of alteration of Morcan Brown. 

Also, certified copy of file wrapper and contents in the matter of 
the Letters Patent granted to Alexander Graham Bell, March 7, 1876, 
No. 174,465, for improvement in telegraphy, and the same is marked 
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“ Defendants’ Exhibit, File Wrapper and Contents of No. 174,465.’ 

Also certified copy of the file wrapper and contents in the matter 
of the Letters Patent granted to Alexander Graham Bell, January 30, 
1877, No. 186,787, and the same is marked “ Defendants’ Exhibit, 
File Wrapper and Contents of No. 186,787.” 


Adjourned until Tuesday, March 24, 1885, at 12 o’clock M. 


TuEspAy, March 24, 1885. 


Met pursuant to adjournment. 


Present: Mr. SHEPPARD, for Respondents ; 
Mr. Dickerson, for Complainants. 


Dr. Carl Seiler, being duly sworn on behalf of respondents, answer- 
ing saith :— 

O 1. What is your name, age, residence, and occupation? 

A. My name is Carl Seiler, physician, instructor in laryngology 
and lecturer on the diseases of the throat, and now at the University 
of Pennsylvania. I am thirty-six years of age. No. 1346 Spruce 
street. 

© 2. What attention, if any, have you paid to the subject of acous- 
tics and electricity ? 

A. I have paid attention to the study of the laws of acoustics since 
early youth, both in its theoretical aspect and practical application. 
I may say, that at the time when Professor Helmholtz was preparing his 
work on the sensations of tone, he applied for help and verification of 
his experiments and calculations to my mother and myself, although 
I was then a child. Not trusting to the accuracy of his ear, he would 
almost daily come to my mother’s house, explain to her his calcula- 
tions, and have her verify them by actual test on the piano or other 
musical instruments. To make a further test by an unbiased mind, I, 
having a good ear, was called upon to point out on the piano or other 
musical instrument, such as the violin, what tone, if any, I heard. Since 
then my mind naturally dwelled upon investigations of this kind, and 
I have continued acoustic experimentation up to the present time. 

I have paid considerable attention to electricity and its practical 
application in the healing art, as well as for scientific and practical 
purposes. I have had for several years a number of private telegraph 
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lines in my house, so that I was enabled to carry on communication 
electrically with a number of my friends for social as well as experi- 
mental purposes. Iam also the originator of a battery used in this 
country more than any other for galvanic cautery. 

© 3. Please state what attention, if any, you have paid to the 
theory and practice of telephony. 

A. I have ever since 18/6, when I was fortunate enough to hear 
voice transmitted through the telephone, experimented with tele- 
phones and transmitters of various kinds and construction, mostly 
made by myself, and have used these different devices, as stated in 
© 2, over private lines for social and experimental purposes. 

Q 4. State whether or not you are acquainted from observation or 
experience with the construction and operation of the forms of tele- 
phonic devices which are in general use? 

A. I am acquainted with most of the telephonic devices in general 
use, and many of those not in general use. I have experimented 
with these devices, and compared them with each other, so that I am 
acquainted with them both by experience and observation. 

© 5. State whether or not you have read the specification forming 
part of Letters Patent of Alexander Graham Bell for improvement in 
telegraphy, dated March 7, 1876, and No. 174,465, and also speci- 
fication forming part of Letters Patent of said Bell for improve- 
ment in electric telegraphy, dated January 30, 1877, No. 186,787, 
and whether you think you understand the construction and opera- 
tion of the devices therein represented and described ? 

A. I have read the two patents as obtained from the Patent Office, 
referred to in the question, the one dated March 7, 1876, and the 
other January 30, 1877, and I think that I understand and compre- 
hend the working of the devices therein represented. 

©. 6. Are you acquainted with the investigations of Helmholtz, as 
contained in his work on the sensations of tone ? 

A. I am acquainted with the investigations as contained in his book 
on the sensations of tone, both by reading the original publication, 
and the translation of the same by Mr. Ellis, and may further state 
that I have made investigations in acoustics in Helmholtz’ laboratory 
in Berlin, under his personal supervision and guidance, in the year 
1871. I have tested for him, on that occasion, a new apparatus called 
a tone measure, constructed by Appun, which instrument Professor 
Helmholtz had just received, and in which the different tones were 
separated from each other by a difference of four vibrations per word, a 
difference which was appreciable to my ear in the lower octaves, but 
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not to his, and he therefore requested me to test the instrument by the 
ear alone, while he applied other tests. 

© 7. Please state the general nature of sound, and the method of 
its propagation. 

A. Sound is a vibratory motion of the air. It 1s produced by an 
impulse upon the particles or molecules of the air, thus destroying 
for the time being their natural relation to each other as regards dis- 
tance; so that the first effect of the impulse will be a compression or 
condensation of the air particles. The second effect will be a cor- 
responding separation of these same particles of air, which separation, 
on account of the inherent elasticity of the particles, separates them 
further than when air is in the normal condition. This condensation 
and subsequent rarefaction or separation of the air particles is pro- 
oressive in its nature, since the impulse which has been received by 
the first particle in the line is communicated to the next, and next, 
&c., with gradually diminishing force, so that by the time the rarefac- 
tion at the beginning of the line of air particles has been completed, 
the condensation has traveled some distance along the line. If the 
impulse is repeated at short intervals, the same phenomena will be re- 
peated, and a whole row of condensations and rarefactions will take 
place along the line of air particles. This repetition of the impulses 
is termed vibration, or to and fro motion, and the condensation and 
rarefaction of the air particles is termed a wave. So that one vibra- 
tion produces one wave of a certain length, and in many of the books 
on the subject the terms “ wave-length,” and “ number of vibrations,” 
are synonymous terms. This vibration of any body capable of per- 
forming such vibratory motion, and thus giving repeated impulses to 
the air particles, if it occurs at the rate of sixteen and a half motions 
or vibrations in a second, will produce air waves appreciated by the 

ear as a continuous sound. While on the other hand, if these vibra- 
tions exceed the number of forty thousand to forty-five thousand per 
ase to be audible to the average ear. Any number of 


second, they ce 
etween these limits are appreciated by the ear as a con- 
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vibrations b 
tinuous sounc 
Sound is propagated through almost all known substances in a// 
dtrections from the starting point, but with unequal velocity, corres- 
ponding to the density and elasticity of the medium through which 
the sound is propagated. Thus, for instance, sound travels at the rate 
of one thousand and ninety feet per second through air at the temper- 


ture of freezing point or zero Centigrade, and gains two feet in velocity 
for every degree of Centigrade that the temperature of the air is raised. 
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Numerous experiments have been made to determine the velocity of 
sound in different substances; and Tyndall, in his eight lectures on 
Sound, gives a table of figures representing the velocity of sound as 
transmitted through different substances. These condensations and 
rarefactions of the air, in other words, the sound-wave, being pro- 
pagated along the line in any direction from the starting point, when 
striking the sensitive portions of the ear are perceived as sound, but 
they do not cease to be sound if the ear cannot appreciate them as 
such. 

© 8. Please describe and explain in what way it has been cus- 
tomary to represent graphically to the eye the propagation of 
sound ? 

A. It has been customary to represent graphically these condensa- 
tions and rarefactions of the air by the sinusoidal curve or wave-line, 
such as is seen on the surface of the water when disturbed in its level 
by some external influence, such as the impulse of a stone thrown into 
the water. The stone then gives the first impulse and causes a receding 
of the water particles immediately affected by the shock until their elas- 
ticity will overcome the downward force of the stone, and they will 
rise in a perpendicular direction above the original level of the water ; 
this motion of the water particles being communicated to the neigh- 
boring water particles, they all successively participate in this up and 
down motion, and the result is a wave-ring around the point in which the 
stone struck the water, which gradually widens until it either comes 
in contact with some solid obstruction or until the vibratory motion 
of the water particles has become reduced to nothing by the distance 
from the original source. Thus water-waves travel in all directions on 
the surface of the water, while air-waves are propagated absolutely in 
all directions ; the water-waves are seen to consist of elevations and 
depressions of the surface of the water, and since their production is 
so similar to the production of air-waves, this wave-line or sinusoidal 
curve has been universally employed to graphically represent sound- 
waves. 

© g. Is the sinusoidal curve a correct copy of what actually takes 
place in the propagation of sound? And in connection therewith 
please refer to Mayer on Sound, page 97, and state whether it does 
not contain the following lines: “ The curve A CO R B is not a real 
picture of a sonorous wave; it is merely a good way of showing its 
length, and the manner in which the air is condensed and rarefied in 
it; for sonorous waves are not formed of heaps and hollows, like the 
waves you have seen on the sea. They are not heaps and hollows of 
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air, but only condensations and rarefactions of air. In short, Fig. 
36 is merely a convenient symbol which stands for a sonorous wave.” 


C 


a —— 


ft 


A. The sinusoidal curve used to graphically express the sound- 
wave, is not a correct representation of the condensation and rare- 
faction of the air particles composing a sound-wave. It is merely 
a convenient analogue which requires the explanation, when used 
to represent a sound-wave, that the elevation of the curve above 
the surface line corresponds to the rarefaction of the air particles, 
while the depression or furrow corresponds to the condensation of the 
air particles. I have examined the book referred to in the question, 
and find that it contains, on page 97, the lines quoted in the question. 

© 10. Please state what are the generally received elementary char- 
acteristics of sound. 

A. The elementary characteristics of sound are three in number, 
namely, First: Pitch, or the position of the sound in the musical scale. 
In books on acoustics pitch of a sound is denoted by a letter repre- 
senting the name ‘of that sound, to which is added a number either 
above or below the letter denoting the position of the octave above 
or below the middle C of the piano. In music, pitch of a sound is 
represented by its position below, on, or about the ledger lines. Sec- 
ond: Intensity or loudness of sound, which is the degree of sensation 
received by the ear, or in other words it is the degree of violence by 
which the sensitive portions of the ear are actuated by the sound, but 
this intensity or degree of violence may also exert a mechanical 
influence upon bodies capable of vibration, other than the ear, and it 
depends upon the intensity of the sound how much mechanical force 
may result from it; as illustration I would quote the well-known 
phenomenon of the rattling of window panes when a sound of a cer- 
tain intensity is produced in the room, which does not occur when the 
sound has not the required intensity, or in other words is not loud 
enough. 

Third: Quality of sound is that peculiar characteristic by which 
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sounds of different instruments can be distinguished from each other 
when they are produced by different instruments with the same 
intensity, and are of the same pitch. For illustration I will quote from 
Helmholtz, English translation, page 27: “ If the same note is sounded 
successively on a piano forte, a violin, clarionet, oboe, or trumpet, or by 
the human voice, notwithstanding its having the same force and the 
same pitch, the musical tone of each of those instruments is different, 
and by means of this tone we recognise with the greatest ease which of 
these instruments was used.” Pitch corresponds to the length of 
the wave or number of vibrations in a given time, usually a second ; 
intensity depends upon the width or amplitude of the wave or upon 
the size of the excursions of the vibrating body. Quality depends 
upon the shape of the wave or upon the manner in which the vibra- 
tions take place. | 

© 11. What are the elements of the quality of sound? 

A. The elements of the quality of sound are certain tones which 
sound together with the fundamental tone, thus producing a compo- 
site sound, the pitch of which is determined by the lowest or funda- 
mental tone, while the others are termed overtones. This composite 
sound, which cannot be separated and divided into its component 
parts by the unaided ear, has been termed “klang”’ or “clang,” which 
term was introduced into the English language by Tyndall, who 
obtained it from Helmholtz. The addition of these overtones to the 
fundamental tones thus produces this klang or clang, which, according 
to the number, order, and intensity of its component parts, will havea 
different quality if this intensity, order, or number of the component 
tones be changed. I will quote in illustration from Sedley Taylor’s book 
on Sound and Music, published by MacMillan and Company, London, 
1873, page 88 and following pages, the passage being as follows :— 

“The phraseology hitherto employed, both in the science of 
acoustics and in the theory of music, goes on the supposition that 
the sounds of individual instruments are single tones, and therefore, 
of course, contain no terms specially denoting compound sounds, 
and their constituents. ‘Sound,’ ‘ note,’ and ‘tone,’ are used as nearly 
synonymous. It will be convenient to restrict the meaning of the 
latter so that it shall denote a sound which does not admit of resolu- 
tion into simple elements. A single sound of determined pitch, we 
shall, accordingly, in what follows, call a tome or single tone. Ina 
compound sound the word c/ang will be a serviceable term. The 
series of elementary sounds into which a clang can be resolved, we 
shall call its partzal tones, sometimes distinguishing among these the 
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lowest, or fundamental tone, from the others, or overtones of the 
clang. This nomenclature is a direct adaptation of the German terms 
employed by Helmholtz. Its introduction is due to Professor Tyn- 
dall, 47. This long discussion has paved the way for the com- 
plete explanation of musical gva/ity which is contained in the follow- 
ing proposition: The quality of a clang depends on the number, orders, 
and relative intensities of the partial tones into which tt can be resolved. 
We have here three different causes to which variations in the quality 
of composite sounds are assigned. 

‘1. A clang may contain only two or three, or it may contain half a 
dozen, or even as many as fifteen or twenty well-developed partial tones. 

“2. The number of partial tones present remaining the same, the 
quality will vary according to the positions they occupy in the first 
series on p. 84,2. ¢.,in their order. Thus, a clang containing three 
tones may consist of (1), (2), (3), or of (1), (3), (5), or of (1), (7), (10), 
and so on, the gua/ity varying in each instance. 

“3. The xamber and orders of the partial tones present remaining the 
same, the quality will vary according to the relative degrees of loud- 
ness with which those tones speak. Thusin the simplest case of a 
clang consisting of (1) and (2), (2) may be twice as loud, or as loud, 
or half asloud as (1), and so on.” 

‘Tt is clear that these three classes of variations are entirely inde- 
pendent of each other, that is to say any two clangs may differ in the 
number, orders, and relative intensities of their constituent partial 
tones. The variety of quality thus provided for is almost indefinitely 
great.” The italics are in the original text. 

© 12. What is meant in acoustics by phase, and how, if at all, does 
it affect the quality of the sound or the form of the wave? 

A. Phase in acoustics denotes the position of. the wave as to the 
surface line, as well as in relation to another wave; for instance, if a 
wave commences at a given point, and another wave similar in diam- 
eter to the first wave commences a short period of time later, it is said 
to have a difference of phase from the first wave. According to Helm- 
holtz, it is the addition of the waves of the overtones to that of the 
fundamental tone which produces the quality of the sound or the 
shape of the wave, and he states that phase has no influence upon the 
quality of the sound, although it may change the shape of the wave ; 
he also states that differently-shaped waves may give the same quality 
of sound. Later investigations than those of Helmholtz, as to be 
found in the English translation, go to prove that the phase of the 
wave, or the differences of phases, produces an appreciable effect upon 
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the quality of the sound as well as upon the shape of the wave. An 
illustration of the difference of the shape of the wave as produced by 
the addition of a fundamental! tone and its overtones, when differences 
of phase of the waves exist, is seen in a French work by Rudolph 
Koenig, of Paris, pages 227 and 228; the title of the book is as fol- 
lows: “Quelques Experiences d’Acoustique par Rudolph Koenig. 
Paris, 1882.” In the same book referred to, an account will be found 
of an experiment made by Dr. Koenig, which indicates that the differ- 
ence of phase has an influence not only upon the shape of the wave, 
but also upon the quality of the sound. The instruments which were 
used in this experiment, and a diagram explanatory of the experiment, 
are found on pages 160 and 161, figures 43 and 44. 

© 13. What are the physical characteristics respectively of musical 
sound and noise; and what are the differences between them? 

A. Musical sound as defined by physicists is periodic regular vibra- 
tion, producing regular periodic air-waves; noise as defined is an 
irregular non-periodic vibration, producing irregular non-periodical 
air-waves. Musical sound, however, in spite of its periodicity, 
may become noise. When a number of musical tunes are sounded 
at once and without order the result will be noise, as for instance, if 
we depress a number of keys upon the piano irrespective of the 
musical relation of the individual tones sounded by the depression 
of the keys to each other, or more strikingly illustrated still, when a 
number of pieces of wood which have previously been tuned, each 
one to a definite pitch, are thrown together upon the floor, they will 
thus produce a noise, while if they are thrown upon the floor one 
after the other they will give rise to a series of tones closely resembling 
musical sounds. In the same manner whena repetition of the irregular 
wave periodic vibration producing a noise occurs at stated intervals, 
and when these intervals are less than the sixteenth part of a second, 
this noise may resolve itself into a musical sound, the pitch of which 
depends upon the number of repetitions of the noises in the given 
time, say a second. This may be illustrated by'the experiment with 
the syren, in which a current of air is cut into a number of puffs by 
a rotating perforated plate ; each one of these puffs in itself is a noise, 
but as soon as the disc is rotated with sufficient velocity so as to cut 
the current of air into more than sixteen and a half puffs per second, 
the resultant effect of the aggregation of these puffs is that of a con- 
tinuous musical sound. 


Adjourned till Wednesday, March 25th, 1885, at 11% o’clock A. M. 


tot 
ho 


TESTIMONY TAKEN ON BEHALF OF DEFENDANT. 


WEDNESDAY, March 25, 1885. 


Met pursuant to adjournment. 


Present: Mr. SHEPPARD, for Respondents. 


Mr. Dickerson, for Complainants. 


Dr. Carl Seiler, a witness for the respondents, resumes :— 

© 14. Please refer to Taylor's work on Sound and Music, and state 
whether it does not contain, on page 13, the following words and 
drawing, viz. :— 

“7. The length, amplitude, and form of a wave completely deter- 
mine the wave, just as the length, breadth, and height of an oblong 
block of wood, z. ¢., its three dimensions, fix the size of the block. 
These three elements of a wave are mutually independent, that is to 
say, we may alter any one of them without altering the other two. 
This will be seen by a glance at the accompanying figures. 


Fig 4 (i) 


(2) (3) . 
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‘*(1) shows variation in Zength alone ; (2) in amplitude alone ; (3) in formalone.”’ 


A. I have referred to the page indicated in the book named, and 
have found that the passage referred to in the question is contained 
therein. 

© 15. Referring to the sinusoidal curve as a graphic expression of 
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the sound-wave, state how the three elementary characteristics of 
sound mentioned above by you are measured on said curve. 

A. The three elementary characteristics of sound are measured on 
the curve in the following manner :— 

first.—Pitch being the length of the wave, the length of the wave 
is measured by the distance separating the top of one crest from the 
top of the next crest, and applying this measurement to the air-wave 
as it actually exists, the length of the air-wave is measured by the 
distance separating the centre of a rarefaction from the centre of the 
next rarefaction. 

Second. —Intensity being represented by the amplitude of the wave, 
the amplitude of the wave is measured by the vertical distance sepa- 
rating the top of the crest from the bottom of the furrow. If two 
lines are drawn parallel to the zero or surface line, touching respect- 
ively the top of the crest and the bottom of the furrow, the distance 
separating these two parallel lines will give the amplitude of the wave. 

Third.— Quality of sound being represented by the shape of the 
wave, the shape of the wave cannot be measured, but it can be 
compared toa standard, which standard is the so-called normal or 
simple wave resulting from the vibratory motion of a pendulum, and 
is a wave the furrow and crest of which are composed of an arc of a 
circle. The composite wave, corresponding to the quality of a clang, 
is produced by the addition or fusion of a number of normal or simple 
waves, which differ more or less from each other in length and ampli- 
tude. The addition is made by erecting perpendiculars at regular 
intervals upon the zero or surface line in all of the waves to be added. 
Then by adding the lengths of these perpendiculars, measured from 
where they intersect the curve to the zero line, and then connecting 
the resultant lengths with each other, which will give a curved line 
differing in shape from either of the elementary waves which were 
added together. Any change inthe amplitude of any of these waves 
will affect the resultant shape of the wave, since the perpendiculars 
are longer or shorter according to the amplitude of the wave. Fur- 
ther, a shifting to one side or the other of any of the elementary 
waves will also produce a change in the resultant shape, since then 
the perpendiculars are not added in equal sequence. This shifting of 


a wave is termed difference of phase. 

© 16. How is the shape of the sinusoidal curve altered by the ad- 
dition of overtones to the fundamental note in producing the quality 
of the sound ? 

A. The shape of the wave is altered by the addition of overtones 
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to the fundamental tone, each one of which is represented by a normal 
or simple wave, by the addition of the waves to each other as ex- 
plained in the foregoing question. The pitch of the resultant com- 
posite sound or clang is, however, nct altered, but has the same num- 
ber of vibrations as the fundamental tone. ‘The intensity, however, 
is increased by the addition of overtones to the fundamental tone. 

© 17 What is meant by the persistence of vision, and state whether 
or not in the sense of hearing there is a persistence of audition anal- 
ogous thereto ? 

A. By the persistence of vision is meant that well-known phenome- 
non observed in every eye, that an impression made upon the sensi- 
tive portion of the eye by light, direct or reflected, will keep up an im- 
pression of vision long after the light has ceased to actually make an 
impression upon the eye. In other words, the eye will believe to see 
a luminous body which has made an impression upon its sensitive por- 
tion even after the eye is screened from that impression; and it has 
been determined that the different colors of the spectrum, after having 
made an impression, are perceived by this residual sensation for differ- 
ent lengths of time. 

In the ear an analogous persistence of sensation after the sound has 
ceased to exist has been demonstrated. Alfred Mayer, in the “Amer- 
ican Journal of Science and Arts,’ October, 1877, hasa paper in which 
he recounts a series of experiments made by himself with a view to 
determine experimentally the existence and duration of this residual 
sensation in the ear. By means of this experiment, which consisted 
in the rotation of a perforated disc between the prongs of a vibrating 
tuning fork and the mouth of its resonator, thus screening the reso- 
nator from the sound at regular intervals, and allowing the sound to 
pass through the perforations and through the resonator to the ear of 
the observer at corresponding intervals, he determined that such resi- 
dual sensation exists in the ear; for he found that when the disc was 
rotated slowly the sound would be an interrupted one, but that as soon 
as the disc was rotated with a certain velocity the sound became con- 
tinuous. Then by counting the number of revolutions of the disc in 
a given time and multiplying it by the number of intervals between 
the perforations, he arrived at the result given in the table of the paper 
referred to, and which in short words proves that the residual sensation 
of the ear is different in its duration for sounds of different pitch, 
ranging from one-sixteenth of a second for the C,, to one one-hundred- 
and-thirty-fifth of a second for the C;. I had occasion to verify 
these experiments at the time when they were made by Mayer in the 
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spring of 1874, and detected very slight errors in the results, which 
Professor Mayer removed. 

© 18. What is meant by the expression “vocal sound,” and what is 
its organ ? 

A. Vocal sound is the utterance of a sound of voice, and it is common 
to all animals who possess the organ of voice. Each individual animal 
has a different quality of this vocal sound, and it can be recognized 
by the ear as belonging to the individual animal, provided the sound 
of the voice of the individual animal is familiar to the hearer. 

The organ of voice, or vocal sound, is what anatomists call the 
larynx, and the particular portion of this organ connected with the 
production of sound are the vocal chords, which, being set in vibra- 
tion by the current of air coming from the lungs, and being put ina 
state of tension by the muscles of the larynx, produce sound waves in 
the air. The pitch ofthis sound depends upon the amount of tension 
given to the vocal chords, and the intensity or loudness of the sound 
depends, in a measure, upon the force of the air current causing the 
vibration, but chiefly upon the addition of overtones added to the 
fundamental tone produced by the vocal chords in the resonant cavity 
of the mouth, throat, and nose, which also gives the distinctive quality 
of the voice. 

© 19. What is meant by articulate speech, and what is its organ? 

A. Articulate speech is the series of sounds and noises uttered in arbi- 
trary sequence to express ideas. These sounds and noises are divided 
into two classes, called vowels and consonants. The vowels are vocal 
sounds modified in the resonant cavities of the mouth, throat, and 
nose, in such a manner that pitch and intensity of the sound may be 
altered at will without destroying the characteristic peculiarity of 
each individual vowel. ‘This individual peculiarity consists chiefly in 
the fact that during the pronunciation of the vowels the cavity of the 
mouth and throat is tuned to a definite pitch, which remains the same 
no matter of what age, sex, or nationality the individual may be, pro- 
vided the same vowel is sounded. Donders and Helmholtz were the 
first to determine the exact number of vibrations of the pitch of the 
cayity of the mouth and throat during the pronunciation of the 
different vowels. Since then other observers have also determined 
these numbers of vibrations, and the difference of the results of the 
different observers lies chiefly in the position of the octave, a difference 
very difficult to verify or determine, especially in the upper portion 
of the scale. Helmholtz also states that for some of the vowels the 
cavity of the mouth gives two tones instead of one, because the rising 
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of the tongue against the palate divides the cavity of the mouth into 

two portions, each one of which is tuned to a different pitch. Other 

observers do, however, not agree with Helmholtz in this point, 

because the two cavities are connected with each other by a channel 
» filled with air, thus making practically but one resonant cavity. 

‘he consonants are noises produced by the more or less sudden in- 
terruption of the outflowing aircurrent. This interruption is produced 
by the different portions contained in the cavities of the mouth and 
throat. This definition holds good for all consonants, except “m” and 


sé 


n,” which consonants consist in the gentle flow of breath through 


, 


the nasal cavity, being obstructed at the opening of the mouth by the 
n.” Articulate speech 


sé 


lips in “m,”’ and the tip of the tongue in 
may exist without vocal sound, and vocal sound may exist without 
articulate speech. The whispering voice is an instance of the first, 
and the song of the bird an instance of the second. 

The organ, therefore, of articulate speech is a complex one, and 
consists of the cavity of the mouth, throat, and nose, and what is con- 
tained therein permanently. 

© 20. Does vocal sound include articulate speech according to the 
sense in which these respective terms are used by writers on this sub- 
ject—and furnish illustrations if you are able to do so? 

A. Vocal sound or voice is a different manifestation from articulate 
speech, for, as already indicated, the one may exist without the other. 
In fact, audible articulate speech is possible if the organ of voice, the 
larynx, has been removed, and a simple vibrating reed has been sub- 
stituted for it, giving the individual what is termed an artificial larynx, 
and consequently an artificial voice. Even if no breath or air can 
pass from the lungs into the organs of articulation articulate speech 
is still possible, as is frequently observed by physicians in their prac- 
y and kindred subjects separate, in their 
treatment of the physiology of the voice, the two terms, “vocal 
’and “articulate speech, articulation, or 


tice. Writers on physiolog 


sound” or “voice,” or “ song’ 
language.” 

In illustration of the foregoing, Draper, in his Human Physiology, 

1875, p. 352, says: “For the further consideration of this subjegt it 

is necessary to understand that there is a distinction between song 

and speech. Song 1s produced by the glottis; speech by the mouth, or 

perhaps a more correct statement would be that the larynx is the organ 

of song, the mouth of that form of speech which we call whispering, 


and for which nothing is required but a stream of air issuing from 
the fauces, the tongue and other organs giving it articulation; but for 


a 
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audible speech a noise is created in the larynx, and modified by artic- 
ulation in the mouth.” 

Carpenter, in his Principles of Human Physiology, 1876, page 844, 
says :-— 

‘It is necessary to bear in mind that vocal sounds and speech or 
articulate language are two things entirely different, and that the for- 
mer may be produced in great perfection where there is no capability 
for the latter. Hence we might at once infer that the instrument for 
the production of vocal sounds is distinct from that by which these 
sounds are modified into articulate speech ; and this we easily discover 
to be the case, the voice being unquestionably produced in the larynx, 
whilst the modifications of it by which language is formed are effected 
for the most part in the oral cavity.” 

Flint, in his text-book on Human Physiology, 1877, page 549 and 
following pages, treats the subject under the two heads of “ voice”’ and 
“ speech.” 

Marshall, in his Outlines of Physiology, London, 1867, vol. 1, page 
248 and following pages, treats the subject in the same way. Lemuel 
Brown and Emile Behake, Voice, Song, and Speech, 1884, page 35, say: 
“ Voice is sound originated in the larynx, and may be produced by 
any animal possessing that organ. Speaking is voice modified in the 
cavity of the mouth.” This is the general mode of treatment by 
authors on the subject. 

© 21. Is the mode of the transmission of electrical action or elec- 
trical influence along a conductor known and understood ? 

A. The transmission of electrical action along or within a conductor 
is to my knowledge neither explained nor understood by physicists 
and electricians. Various theories have from time to time been pro- 
pounded to explain this transmission of electrical action through a 
conductor, but none of them has been to my knowledge unanimously 
accepted as explaining this transmission. 

22. What is meant by the generally used expression 


‘current of 
electricity ”’? : 

A. A ccurrent of electricity, so called, is not known to exist as a 
substance, and is only evidenced by the action produced upon certain 
instruments which are capable of being influenced by electricity. I 


therefore understand “current of electricity” to mean the transmis- 


sion of electrical action, however directed, from the end of a con- 
ductor to a distant point of this conductor. The term “current” has 
been applied to this electrical action and its evidences, in the same 
manner as the sinusoidal curve has been employed to represent a 
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sound-wave ; that is, as a convenient illustration easily grasped by the 
mind, and on which the different phenomena may be exemplified. 

© 23. What do you understand to be the meaning of the expres- 
sions “intermittent current,’ “pulsatory current,’ and “undulatory 
current ’’? 

A. I understand the term “intermittent current” to mean that 
pauses occur in the evidences of electrical action at any point along 
a conductor. I understand by “ pulsatory current” a certain and at 
intervals repeated increase or intensity of the evidence of electrical 
action; and I understand by “undulatory current” a gradual at inter- 
vals repeated augmentation of intensity of the evidence of electrical 
action along any point of a conductor. 

© 24. What is the difference, if any, between the graphic representa- 
tion of the pulse, as given for instance by the sphygmograph, and the 
representation of a pulsatory current contained in the patent of Mr. 
Bell of 1876, in his lecture, and in his English patent? 

A. The tracings of the pulse as given by the instrument called 
sphygmograph, which is in daily use by the medical profession for 
detecting abnormities in the arterial system, consist asa rule of a series 
of elevations and depressions produced by the up and down motion 
of the lever in contact with the pulse. The elevations are abrupt, that 
is to say the lever expends but a short time in reaching the highest 
point, while it gradually descends, and in doing so traces a more or 
less slanting line which may or may not have a smaller reproduction 
of the ascending line in it produced by a slight but sudden elevation 
of the lever occurring during the downward path, A simile would be 
the teeth of a saw in the more slanting portion of which one smaller saw- 
tooth was added. ‘The figure in Mr. Bell’s patent of 1876, the English 
patent, and in a reprint of his lecture, represents a figure which if 
produced by a lever ina similar manner as the sphygmograph pro- 
duces the tracings of the pulse, the motion of this lever would be a 
sudden upward one, a remaining at rest for a certain length of time. 
when the highest point has been reached, then a descending motion as 
sudden as the ascending one, and then againa period of rest when 
the lowest point was reached. We have, therefore, a representation 
which may be likened to a row of bricks set upon the floor at certain 
intervals, a very unlike figure from that presented by the teeth of a saw. 

J 25. State whether the terms “sudden” and “ gradual,” as applied 
to changes of intensity in a current, are capable of antecedent or precise 
definition ; and whether or not a sudden change may not pass into a 
gradual change, and conversely a gradual change into a sudden change. 
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A. The terms “sudden” and “gradual” are, to my mind, not capable 
of being defined precisely, since they relate to time, or to the time 
during which a motion or change takes place. If, for instance, a mo- 
tion reaches its maximum in a short space of time we call it a sudden 
motion, and if it reaches its maximum in a comparatively long time 
we call it gradual, so that in this respect “sudden” and “ gradual” 
can no more be precisely defined than short and long. Applying this 
to changes in intensity of current, we must say that a sudden change 
is one which produces the greatest amount of evidence in a short’ 
space of time, while a gradual change of intensity inthe current is one 
in which the greatest amount of evidence of electrical action is reached 
ina longer time. A change of intensity ofthe current may, therefore, 
be less sudden, and thus come nearer to a gradual change, until the 
two meet. A graphical representation of sudden and gradual changes 
of intensity respectively would be for the one the apex of a triangle, 
and for the other the arc ofa circle, starting both from the same zero 
line, and having the same height. The height would then represent 
the greatest amount of intensity reached, while the line drawn from 
the starting point in the zero line of the ascending or descending line 
of the figures to the point of highest elevation, would double the time 
required to reach that greatest point of intensity. 

© 26. What is the nature of the undulatory current as it is de- 
scribed and represented in Mr. Bell’s English patent of December 9, 
1876, No. 4765 ? 

[| Objected to by Mr. Dickerson as irrelevant and tmimaterial.| 

A. The current mentioned and diagrammatically represented in Mr. 
Bell’s Engiish patent is, in reality, a twofold one, for in the descrip- 
tion on page 4, line 34 to 37, he says: “1st. The permanent magnet 
is caused to vibrate in front of the pole of an electro-magnet, which 
is placed in circuit with a voltaic battery, the undulatory current in- 
duced by the vibration of the permanent magnet is superposed upon 
the voltaic current.” Andin the diagram line 3, Fig. 6, sheet 1, he 
graphically represents these two currents the one as the third contin- 
uous line, and the other as a sinusoidal curve placed directly upon and 
without separation from the representation of the continuous current. 
In the same manner as if pieces of wood, cut out in sinusoidal curves, 
were glued upon abar of wood, or, in other words, as though there wasa 
trough of water with ripples in its surface, the body of the water rep- 
resenting the voltaic current and the ripples the induced undulatory 
current. 

QO 27. Do you find in Mr. Bell’s American patent of 1876, No. 
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174,465, a similar representation or description of the undulatory 
current P 

A. I find that in the patent of Mr. Bell of 1876, the undulatory 
current is described not as an undulatory current superposed upon a 
continuous voltaic current, and find that in Fig. 4, sheet 1, the un- 
dulatory current is graphically represented as a sinusoidal curve having 
a zero or surface line. 

© 28. In what way, if at all, may it be determined if the current 
passing through a given line wire is an undulatory current or isa 
pulsatory current, and whether it is to be represented by the figure 
employed by Mr. Bell to represent a pulsatory current, or by that em- 
ployed by him to represent an undulatory current ? 

A. I am not aware that an instrument exists which would act 
promptly enough to register or indicate sudden changes in intensity 
or gradual changes in intensity of a so-called current of electricity 
passing through a given line. Changes of intensity can readily be 
detected by instruments designed for the purpose, if these changes 
of intensity occur very slowly, that is, at long intervals ; but even then 
the difference between sudden changes of intensity and gradual 
change of intensity must be very great to be detected. To illustrate. 
If two elements of a voltaic battery are connected with each other, 
and are immersed in the exciting fluid but a short distance, the heat 
developed in the conductor connecting the two elements may be 
measured; if now the elements are allowed to drop suddenly into the 
exciting fluid so as to be entirely immersed, a sudden increase of 
intensity and consequently heat is produced, which may be registered 
and measured with some degree of accuracy; and if on the other hand 
the elements of the battery are slowly lowered into the existing fluid 
a gradual increase of intensity and heat will follow, which also can 
be measured; but if these changes of intensity occur at all rapidly 
following each other, the registering or measuring instrument wili not 
have time in the interval to return to its normal point, nor will, for 
instance, the conducting wire have an appreciable degree of heat dur- 
ing the interval of the up and down motion of the elements of the 
battery, so that the heat remains about the same in degree during the 
whole experiment. Therefore I do not think that it is possible to 
detect whether a pulsatory or undulatory current passes at a given 
time in a given wire orline. I therefore, also, do not think that a cur- 
rent passing at a given time over a given line can be represented by 
either the one or the other figure used by Mr. Bell to represent the 
pulsatory current and undulatory current respectively. 
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© 29. Are you aware of any reason, either of a theoretical or 
practical character, which in your judgment requires that telephonic 
conversation should be effected only by a continuous undulatory cur- 
rent to the exclusion of a pulsatory or interrupted current? 

A. After the answer given to me of the queries in this testimony 
in regard to the residual sensation of audition, there seems to me 
theoretically no reason why telephonic communication should not 
be possible or practicable, with an interruption recurring at fre- 
quent intervals either in the current or in the line. For in that 
answer the statements made by Mayer as to the existence and 
duration of the residual sensation of the ear and which I have. 
experimentally been able to substantiate and _ satisfy my mind 
that such residual sensation exists; all that is necessary to carry on 
telephonic communication through an interrupted current or through 
a periodically interrupted line is that the periods of interruptions of 
the current and the period of breaks in the line shall be of less 
duration than the duration of the residual sensation of audition; but 
even for other reasons can I conceive the possibility of telephonic 
communication through an interrupted current or line provided the 
interruptions occur frequently enough, and are followed by a suff- 
ciently long period of continuity of line or current so that the listener 
at the receiving end of the line may catch portions of the words; he 
will then connect and supply mentally the missing links without, per- 
haps, his being aware that he did not hear every sound that was sent 
at the transmitting station. A pulsatory current seems to me even 
less a hindrance to telephonic communication being carried on 
through or in spite of it, for the same reasons, and also for the rea- 
son that the difference between pulsatory current and undulatory 
current is not well defined. 

© 30. Is it necessary for the purposes of communication to hear 
every sound or word or syllable at the receiving station; and if not, 
why not? 

A. I do not think that it is necessary to hear every word or sound 
during the conversation over a telephone line transmitted at the 
transmitting end because, as already stated, the mind will supply the 
missing links unconsciously if either the beginning or the end of a word 
or syllable is missing, provided the language in which the con- 
versation is carried on is familiar to the person at the receiving end; if 
not, he will fail with the ear as well as in reading by the eye to quickly 
recognize the general characteristics of the word, and he then requires to 
hear every sound representing a letter or see every letter in the written 
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or printed word to recognize that word as having a definite meaning ; 
practically the letters ““m” and “n” are not received as sounds by 
the telephone, and are to be supplied by the context of the sentence 
and general character of the word. They are not sent, because they 
have no sound of their own. ; 

© 30’. Referring to Fig. 7 in Mr. Bell’s American patent of 1876, 
No. 174,465, state whether or not,and how far if at all, the devices 
there represented differ from or correspond with those now generally 
employed in telephoning. 

A. The device represented in Fig. 7, as I understand its mechanism 
from reading its description and examining the drawing, consists in 
the main of an electro-magnet at each end of the line actuated by a 
voltaic current supplied by a voltaic battery in close circuit, and a 
magnetic movable armature in connection with the membrane and 
vibrated before the pole of the electro-magnet at either end of the 
line by the vibration of the membrane when the latter is set in vibra- 
tory motion. The devices generally in use for practical purposes differ 
from the device just described, in the fact that no voltaic current or 
close circuit exists in the line wire; that further, a permanent magnet 
with a voltaic non-magnetic armature about which the wire of the line 
is wound in a coil is used as a receiver; and finally, that a transmitter 
actuated by the sound causes an induced current to be produced in 
the line wire at the time when conversation is carried on, or sounds 
are transmitted, and that the battery which is used is a local one, is an 
open circuit when not in use, and has no connection with the line 
wire except by induction, inasmuch as its circuit comprises within 
itself the transmitter and the primary coil of an induction coil. There- 
fore two batteries must be used to complete the sending and receiving 
apparatus at each end of the line. 

O 31. Are you aware that the device represented in Fig. 7 has 
ever been in use in practical telephony ? 

A. Iam not aware that the device represented by Fig. 7 has ever 
been used in practical telephony, except perhaps for experimental pur- 
poses and purposes of demonstration in the lecture room. 

© 32. What instances, if any, occur to you of the use of a mem- 
brane in telephony or in acoustics prior to 1876? 

A. The use of membrane or vibrating diaphragm was in telephony 
prior to 1876 by Reis, and also in the lovers or string telephone. 
I do not recall any other instances. 

© 33. What instances are there, if any, prior to 1877 of the use 
of a sounding box in connection with telephonic or acoustic apparatus ? 
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A. The instances which occur to me are the Reis telephone, string 
telephone, Helmholtz’ vowel apparatus, Koenig’s manometric armature 
apparatus. 

© 34. What instances are there, if any, prior to 1877 of the em- 
ployment of a hearing or speaking tube in connection with telephonic 
or acoustic apparatus ? 

A. A speaking tube was attached to the — devices of Reis’ 
telephone, also in Koenig’s manometric voice analyzer,a hearing tube 
in Koenig’s new stethoscope and other stethoscopes, also in Scott's 
phonotograph ; these are the instances which occur to me at the 


present time. 


© 2c. Referring to the passage in the specification of the Bell’ 
i J > | DS I 


patent of March 7, 1876, commencing with the words, “The advan- 
tages I claim to derive from the use of an undulatory current in place 
of a merely intermittent one,” &c., state whether you understand the 
five advantages therein enumerated to refer to telegraphy or to tele- 
phony. 

A. I have examined the passage referred to in the question, and it is 
my opinion that the passage refers solely to telegraphy, since the word 
signal is used in almost every claim. A spark arrester, a telegraphic 
appliance, is referred to, cable dispatches are mentioned, and the con- 
text of the passage would indicate that it would refer to telegraphy. 

©. 36. Referring to the testimony of plaintiff’s witness, Charles R. 
Cross, in plaintiff’s printed testimony, p. 117, as follows: “In Mr. 
Bell’s patent, No. 174,465,a method is described by which the motions 
which are produced in the air at one place, the transmitting station, 
can be reproduced by an electrical method of intercommunication 
at the receiving station. By means of his invention he is able by the 
use of certain electrical apparatus to impress upon the particles of air 
at a distant place, the receiving station, motions substantially identical 
with those which are immediately impressed by the voice upon the 
particles of air at the transmitting station. 

‘According to the specification, he effects this result by the use of 
the transmitter, which takes up from the air at the transmitting sta- 
tion the motions which are impressed upon it by the voice of the 
speaker, and the vibrating portion of which transmitter moves in 
substantial accordance with the movements of the air particles them- 
selves. This transmitter being connected with a line wire joining the 
two stations, between which speech is to be transmitted, is enabled, 
by its electrical connection with that wire, to produce in it electrical 
variations which correspond to and are similar in form to the motions 
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of the movable part of the transmitter, and hence to the motions of 
the air particles which have actuated the movable part of the trans- 
mitter. These electrical variations, in their turn, set in motion a 
movable part of a receiving instrument with which the line wire is 
connected, and, in their turn, produce in this movable part of the 
receiver vibrations corresponding to and similar in form to those 
electrical vibrations by which they are produced, and hence to the 
motions of the air particles at the transmitting station. The mov- 
able part of the receiving instrument, thus vibrating, impresses upon 
the air at the receiving station vibrations similar in form and corres- 
ponding to its own motions. 

“The motions thus produced in the air particles at the receiving 
station are, therefore, evidently similar in form and correspondent to the 
original vibrations impressed upon the air at the transmitting station 
by the voice of the speaker at that station. This being the case, it is 
evident, from what I have said, that the sound uttered by the speaker 
at the transmitting station will be reproduced at the receiving sta- 
tion.” Please state whether the general descriptive language there 
employed does or does not include the Reis devices, as they are de- 
scribed in the publications on that subject. 

A. I have examined the passage referred to, and find from its con- 
text that it includes Reis’ apparatus or device for electrically trans- 
mitting sound, as described in the publications containing a description 
of the device, and is included in the general character of the statement 
made in the passage. 


Cross-examination by Mr. DICKERSON. 


x QO 37. When you said that the Fig. 7 of the patent “ consists in 
the main of an electro-magnet at each end of the line actuated by a 
voltaic current,” describe what you mean by the word “actuated” in 
that sentence. 

A. I mean by the word “actuated” in the sense in which I used it 
in the quotation of the question, that the soft-iron core of the electro- 
magnet becomes a magnet only when a so-called current of electricity 
passes through the wire which surrounds it. This becoming of a 
magnet, thus changing the character of the iron core from non-mag- 
netic to a magnetic, is the meaning of the word “actuated” as used in 
the passage. 

x QO 38. The only function of the battery in that case is to keep the 
electro-magnet charged, which function would be equally well per- 
formed by the substitution of a permanent magnet? Is not that so? 
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A. I do not exactly understand as to the meaning of the word 
“charged,” but supposed it to mean, keep the electro-magnetic in a 
state of magnetism, or in other words, to keep it magnetic, so that it is 
capable of attracting bodies or metals which can be attracted by 
magnets. The substitution of a permanent magnet for an electro- 
magnet does not include the wire of the coil around the core, nor 
does it include the line wire in which, in the device as depicted in 
Fig. 7, a continuous current passes. 

x QO 39. If the cores were permanent magnets in Fig. 7, and the 
battery discarded entirely, the operation of the apparatus would be 
the same, would it not? | 

A. The operation of the device or apparatus would not be quite the 
same, since the force or intensity of a current which is developed by 
the vibrations of an armature in front of the pole of a permanent 
magnet which is induced in the wire wound around it depends upon 
the amplitude of the vibration of that armature, and since currents of 
opposite polarity are developed in the wire by this induction produced 
by the vibration of the armature, the device would, I think, work 
differently when there is no constant current passing in one direction 
along the line wire to oppose either the one or the other of the cur- 
rents produced by the vibration of the armature. 

xX Q 40. Do you mean by that to say that there would be any 
difference in the effect on the electro-magnet at the remote end 
whether the electro-magnet were permanently magnetized or magnet- 
ized by the battery when the transmitter was spoken to? 

A. I mean to say that if a current produced by a battery, or other 
device capable of supplying electricity, passes over the line wire in 
one direction it will oppose, in my opinion, a current of less intensity 
coming in the opposite direction over that same line wire, and it will 
therefore interfere more or less with the progress of this current of 
less intensity, so that the magnet at the receiving station must either 
be a permanent magnet, with the wire coiled around it when it is not 
what is called an electro-magnet, then no current of a voltaic battery 
will pass over the line, or else it must be an electro-magnet, that is an 
iron core surrounded by a coil of wire which becomes magnetic 
when a voltaic or other current of electricity passes through the coil, 
and it is then necessary that this current should pass over the line 
as in. the device Fig. 7. 

xX QO 41. In either case is it not true that when the armature is set 
in vibration electrical undulations are created on the line wires? 

A. I am not prepared to answer this question either in the affirma- 
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tive or in the negative, since I do not know what electrical undulations 
are. Electricity,as I understand it, is not a substance, but what it is I 
do not know, and I cannot conceive an undulation to take place in or 
be produced by anything but a substance. 

<x O 42. You have just sworn that under certain circumstances an 
electric current was flowing and would be retarded by another current. 
Can you conceive of a current of that which is not a substance any 
more readily than you can conceive of undulations in that which is 
not a substance? And if so, explain to the court how that which is 
not substantial can flow in a current but can’t undulate ? 

A. In the direct testimony, in answer to a question I have stated 
also under oath that the term current was a simple and easy symbol 
in order to explain and represent the evidences of electrical action, 
and that I did not conceive electricity to be a ponderable substance or 
fluid which, like water, runs in a current through a conductor. I can 
therefore also state that I cannot conceive electrical undulation, and 
would like to be understood that whenever the word current of elec- 
tricity or electrical current is employed by me in this testimony it is a 
symbolic representation and not electricity itself. 

x O 43. And don’t you also know that the term undulatory is com- 
monly applied to the word current to express the variation in strength 
of current, similar to undulations in a pendulum or real bodies ? 

A. I have heard and made use of the expression “ undulatory cur- 
rent,’ symbolically describing changes of intensity of strength of 
electrical current so called, but at the same time I have looked upon 
the expression merely as a makeshift to explain something I know 
nothing about—the method by which electrical action is transmitted 
through a conductor. 

x QO 44. Doesn’t the term convey a perfectly intelligible meaning 
to electricians notwithstanding their ignorance of the essence of elec- 
tricity, and if you deny that, inform the court what term is used to ex- 
press the action of an electric current whose strength varies in unison 
with the swing of a pendulum for illustration, if you think you are 
possessed of any better word than that commonly used ? 

A. I cannot answer as to the mental impression produced upon the 
brain of any of my fellow-men, and therefore cannot say what idea 
the term undulatory current raises in the minds of electricians. For my 
own part, the idea raised in my mind by the word or term undulatory 
current is a very vague and indefinite one, because of the endless variety 
of shapes and forms which undulations may assume. The illustration 
referred to in the question as toa current the variations of intensity of 
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which ought to be represented by the vibrations of the pendulum is 
only one of the innumerable undulations, and even that may differ 
and appear to the eye different under different circumstances. I would 
not like to suggest a new term or apply a new meaning to an old 
one, and for the reason that the nomenclature of electricity to my mind 
is already overburdened with names. 

x O45. If you will neither accept the word in common use, nor do 
the world the favor to give it a better one, I find difficulty in asking a 
question without describing the phenomena each time, at whatever 
cost of time. And I now ask you whether it is not true in either of 
the cases referred to in respect to Fig. 7, that when the armature is 
known to vibrate to and fro, a current of electricity is set up on the 
line whose strength will increase and decrease in proportion to the 
movement of the armature, and thereby exhibit the phenomenon of 
what is called in the patent an undulatory current ? 

A. In the first place, I did not refuse to accept the word undulatory 
current or any other kind of a current asa purely descriptive term, nor 
did I deny that a current of electricity is produced in the line wire by 
the vibration of the armature in front of the magnet, whose changes of 
intensity correspond to the amplitude of the vibration of the armature, 
and the polarity of which current depends upon the direction of the 
vibration, so that no unnecessary time may be lost in making use of 
the word current of electricity, and to designate any other kind of 
a current; but I have no means of ascertaining beyond doubt whether 
an undulatory current or a pulsatory current, as the terms are defined 
in Mr. Bell’s patent, passes over the line. 


Adjourned till Thursday, March 26th, 1885, at 11 o’clock. 


Tuurspay, March 26th, 1885. 


Met pursuant to adjournment. 
Present: Counsel as before. 


Dr. Carl Seiler, a witness for the respondent, resumes :— 
x QO 406. I call your attention to Professor Hughes’ communication 
to the Royal Society of London, May 9, 1878, presented by Professor 
Huxby, and Professor Hughes’ article on the same subject from the 
“ London, Edinburgh, and Dublin Philosophical Magazine and Journal 
of Science,” volume VI., July, 1878, from which I quote some passages 
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tive or in the negative, since I do not know what electrical undulations 
are. Electricity,as I understand it, is not a substance, but what it is I 
do not know, and I cannot conceive an undulation to take place in or 
be produced by anything but a substance. 

< OQ 42. You have just sworn that under certain circumstances an 
electric current was flowing and would be retarded by another current. 
Can you conceive of a current of that which is not a substance any 
more readily than you can conceive of undulations in that which is 
not a substance? And if so, explain to the court how that which is 
not substantial can flow in a current but can’t undulate ? 

A. In the direct testimony, in answer to a question I have stated 
also under oath that the term current was a simple and easy symbol 
in order to explain and represent the evidences of electrical action, 
and that I did not conceive electricity to be a ponderable substance or 
fluid which, like water, runs in a current through a conductor. I can 
therefore also state that I cannot conceive electrical undulation, and 
would like to be understood that whenever the word current of elec- 
tricity or electrical current is employed by me in this testimony it is a 
symbolic representation and not electricity itself. 

x O 43. And don’t you also know that the term undulatory is com- 
monly applied to the word current to express the variation in strength 
of current, similar to undulations in a pendulum or real bodies ? 

A. I have heard and made use of the expression “ undulatory cur- 
rent,’ symbolically describing changes of intensity of strength of 
electrical current so called, but at the same time I have looked upon 
the expression merely as a makeshift to explain something I know 
nothing about—the method by which electrical action is transmitted 
through a conductor. 

x QO 44. Doesn’t the term convey a perfectly intelligible meaning 
to electricians notwithstanding their ignorance of the essence of elec- 
tricity, and if you deny that, inform the court what term is used to ex- 
press the action of an electric current whose strength varies in unison 
with the swing of a pendulum for illustration, if you think you are 
possessed of any better word than that commonly used ? 

A. I cannot answer as to the mental impression produced upon the 
brain of any of my fellow-men, and therefore cannot say what idea 
the term undulatory current raises in the minds of electricians. For my 
own part, the idea raised in my mind by the word or term undulatory 
current is a very vague and indefinite one, because of the endless variety 
of shapes and forms which undulations may assume. The illustration 
referred to in the question as to a current the variations of intensity of 
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which ought to be represented by the vibrations of the pendulum is 
only one of the innumerable undulations, and even that may differ 


_ and appear to the eye different under different circumstances. I would 


not like to suggest a new term or apply a new meaning to an old 
one, and for the reason that the nomenclature of electricity to my mind 
is already overburdened with names. 

x O45. If you will neither accept the word in common use, nor do 
the world the favor to give it a better one, I find difficulty in asking a 
question without describing the phenomena each time, at whatever 
cost of time. And I now ask you whether it is not true in either of 
the cases referred to in respect to Fig. 7, that when the armature is 
known to vibrate to and fro, a current of electricity is set up on the 
line whose strength will increase and decrease in proportion to the 
movement of the armature, and thereby exhibit the phenomenon of 
what is called in the patent an undulatory current ? 

A. In the first place, I did not refuse to accept the word undulatory 
current or any other kind of a current asa purely descriptive term, nor 
did I deny that a current of electricity is produced in the line wire by 
the vibration of the armature in front of the magnet, whose changes of 
intensity correspond to the amplitude of the vibration of the armature, 
and the polarity of which current depends upon the direction of the 
vibration, so that no unnecessary time may be lost in making use of 
the word current of electricity, and to designate any other kind of 
a current; but I have no means of ascertaining beyond doubt whether 
an undulatory current or a pulsatory current, as the terms are defined 
in Mr. Bell’s patent, passes over the line. 


Adjourned till Thursday, March 26th, 1885, at 11 o’clock. 


TuHurSDAY, March 26th, 1885. 


Met pursuant to adjournment. 
Present: Counsel as before. 


Dr. Carl Seiler, a witness for the respondent, resumes :— 
x Q 46. I call your attention to Professor Hughes’ communication 
to the Royal Society of London, May 9, 1878, presented by Professor 
Huxby, and Professor Hughes’ article on the same subject from the 
“ London, Edinburgh, and Dublin Philosophical Magazine and Journal 
of Science,” volume VI., July, 1878, from which I quote some passages 
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as follows: “ The problem which the descriptions solves is this, to in- 
troduce into one electrical circuit an electrical resistance, which resist- 
ance shall vary in exact accord with sonorous vibrations so as to pro- 
duce an undulatory current of electricity from a constant source, 
whose wave length, height, and form shall be an exact representation 
And I ask you whether that statement does 
not convey to your mind an intelligible representation of the physi- 
cal effect produced in the current of electricity by the means sug- 
gested P 


’ 


of the sonorous waves.’ 


A. The impression conveyed to my mind by the passage quoted 
in the question is that the effect of electricity at the other end of the 
line upon a device capable of receiving an impression is that of the 
reproduction of sonorous waves, but I cannot say that it conveys the 
idea of physically producing an effect upon the so-called current. 

x O 47. In that light, as you understand it, isn’t there a clear dis- 
tinction between a current represented graphically by Figs. 1, 2, and 
3 of the Bell patent, and one represented graphically by Fig. 4? 

A. I see by referring to the figures that there is a difference in the 
graphical representation of the so-called current, which to my mind 
simply conveys the idea of a different effect at the other end of the 
line. 

x Q 48. Then so far as your mind apprehends the phenomena, 
these two forms of delineation do not convey to you any idea of a 
different condition on the line wire itself of the electrical current, but 
only a difference in the ultimate effect produced ? 

A. If I understand the question correctly, this is the idea conveyed 
to my mind. 

(Counsel for complainant offers two articles marked respectively 
“Ex. Hughes, May oth, 1878, Article,’ and “ Ex. Hughes, June 8th, 
1878, Article”.) 

x O 4g. In the Bell patent the following statement is made in re- 
spect to Fig. 7: “ Whena sound is uttered in the cone the membrane a 
is set in vibration, the armature c is forced to partake of the motion, 
and thus electrical undulations are created upon the circuit E 6 e f ¢. 
These undulations are similar in form to the air vibrations caused by 
the sound—that is, they are represented graphically by similar curves. 
The undulatory current passing through the electro-magnet / influ- 
ences its armature / to copy the motion of the armature c. A similar 
sound to that uttered into A is thus heard to proceed from L.” Does 
not that statement convey to your mind the idea that the electrical 
current, whatever it may be supposed to consist in, acts in its effect as 
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if it were a physical current undulating in unison with the undulations 
of air engaged in vibrating the diaphragm ? 

A. A reproduction of the vibrations of the armature, and membrane 
in connection with it, of the receiver in Fig. 7, if connected by a 
physical substance, such as the question asks us to imagine the cur- 
rent to consist in, as for instance a string, will be possible if the other 
end of the string be attached to the armature and through it to the 
membrane of the transmitter, but undulations such as graphically rep- 
resented in the patent I do not think take place in that string. 

x Q 50. Do you mean to say that the statement which I have quot- 
ed conveys no idea to your mind of the method whereby sound is 
transmitted in the telephone like Fig. 7 ? 

A. I do not mean to say this, because I have, I think, a clear idea of 
the method of the vibration of the two armatures actuated or set in 
vibration by the other, through the medium of the so-called elec- 
trical current, but I mean to say that it-does not convey an idea of 
what takes place in or upon the conducting wire. 

x QO 51. Will you do the court the favor to express, in what you 
may suppose to be more intelligible terms than quoted from the speci- 
fication, the method of operation whereby the vibrations of the dia- 
phragm produced by the sound at the transmitting end are converted 
into similar vibrations in the diaphragm in the receiving end ? 

A. The vibrations of the armature in front of the magnet of the trans- 
mitter produce a variation of intensity in the source of electricity, and 
in consequence of these variations of intensity the magnetic force of 
the core of the electro-magnetic at the receiving station will fluctuate 
in harmony with these changes, thereby setting the armature and 
membrane in connection with it into vibrations. This is my idea of 
the process. 

x Q 52. I observe that you leave out of your definition any refer- 
ence whatever to the current of electricity as the intermediate link be- 
tween the two ends. Do you think that with this omission your 
description of the action is as accurate as in the patent? And that the 
patentee made a mistake when he stated in substance that vibrations 
of the current might be represented graphically by similar curves to 
those which are used by scientists to represent the vibrations of the 
air particles engaged in causing the diaphragm to vibrate ? 

A. I have omitted a mention of the so-called electrical current be- 
cause, as already stated, the term current is merely a symbol of some- 
thing which we know nothing about; and I cannot give a definition or 
description of anything of which I know only the name. The con- 
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necting link between the two stations is the conducting wire, and I 
cannot answer the question whether the patentee has made a mistake 
or not. 

x O 53. Don’t you know that the terms used in the patent, such 
as undulation and vibration, are those generally used by electricians 
to express the action of electricity in the so-called current, and that 
graphic curves are used by electricians to express variation of ten- 
sion or strength of current, when electricity is exhibiting the phe- 
nomenon called the electric current ? 

A. I do know that the terms referred to in the question are used 
by electricians and even writers on electricity, but I do not know 
whether this usage of the terms referred to is general or not. 

x QO 54. Have you ever before been called as an expert witness, to 
testify in respect to the science of electricity ? 

A. I have not. 
x QO 55. So far as you do understand the subject, is it not evident 


to you that an apparatus operating in the manner described in the 


cy 
o 
specification already quoted, must necessarily be capable of transmitting 
and reproducing the quality of any sounds uttered into the transmit- 
ter, whether those sounds are produced by the human voice or other 
means P | 

A. If mechanical details are such as to allow the free and unhin- 
dered vibration of the membrane at the receiver, theoretically the 
quality of sounds, producing a vibration of the membrane of the trans- 
mitter, will be reproduced ina measure more or less perfect according 
to the capability of the membrane at the transmitter to vibrate in such 
manner as to reproduce itself the quality of the sound. And in like 
manner the vibration of the membrane of the receiver must also be 
such as to reproduce itself the quality of any sound by which it is set 
in vibration. 

x QO 56. You mean by all that to say, I suppose, that, theoretically 
considered, the apparatus should reproduce exactly the quality of the 
sound uttered into the transmitter, and to the extent that it fails to re- 
produce the quality of the sound exactly, and only reproduces a sim- 
ilar sound, that defect is due to the mechanical details which neces- 
sarily absorb a portion of the force, and, by their inertia and other 
qualities, to a certain extent reduce the effect which the theory calls 
for? Isn’t that so? 

A. Theoretically this is the meaning of my answer. 

X Q 57. In your thirty-sixth answer, in which you interpreted a 
statement made by Professor Cross, you say “that it includes Reis’ 


Se g 
| 
| 
é 
-* 
\ 4 
“4% 


DEPOSITION OF DR. CARL SEILER. 31 


apparatus or device for electrically transmitting sound, as described in 
the publications containing a description of the devices.” Wall you be 
good enough to refer the Court in any description of the Reis ap- 
paratus published before 1876 to any statement that the Reis instru- 
” vibrations corresponding to and 


‘ 


ment produced in the “ receiver 
similar in form to those electrical vibrations by which they are pro- 
duced and hence to the motion of the air particles at the transmitting 
station ? 

A. I would state that in the answer to question thirty-sixth from 
which the sentence is quoted, the words, “in its general character,” 
will be found to finish the sentence above quoted. When making 
that statement after having read the passage referred to, it seemed to 
me that the context conveyed the idea to the reader that the descrip- 
tion in its general character applied to the descriptions of Reis’ appa- 
ratus which I had seen. But I did not mean to say that any particu- 
lar detailed description contained in the statement applied to the Reis 
apparatus. 

I have seen statements in the literature that sounds of different 
quality had been transmitfed by the Reis apparatus, and that the 
hearers at the receiving end were able to distinguish the sounds of 
different quality; but I cannot from memory give the title of the pub- 
lication in which I saw statements of this kind, nor can I give the date 
of their publication. 

x QO 58. Didn’t you know or believe when you read that deposition 
of Professor Cross that he was discriminating between the method of 
the Bell patent and the method of the Reis instruments, and that 
in the context of the quotations which you have made he specifically 
pointed out the distinction between the two methods ? 

A. Having read only the quotation given in the question thirty- 
sixth, I did not know or believe that Professor Cross was discriminating 
between the two methods. 

x O 59. What did you mean in your answer when you said, “I have 
examined the passage referred to and find from its context that it in- 
cludes Reis’ apparatus or device ?”’ 

A. I am not sure, but I think that other words follow the quotation, 
from my answer, which make the answer clearer. At any rate, I 
meant that I had read over the passage, and that the idea conveyed 
to my mind by its general character was that what was said about 
Bell’s device referred also to the description of Reis’ apparatus. In 


other words, that the Reis apparatus was included in the general 


description given. 
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x O i what year did. you first come to thyg ountry from 
Germany ? i / - 

A. In the year 136% X fi 

x QO 61. Helmholtz’ book 1% wed to by*vou was first published in 
1862, was it not? Andw ees resypP~ag he states in his preface, 


dated October, 1862, of eight } year Aabor ? 


A. As far as I know theée stg ments are correct. 
#Signed) \CARL SEILER anion 


Sworn and subscribef before me this twenty-sixth day of March, 
A. D. 1885. A 
| SAMUEL BELL, 


Special Examiner. 
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< Q 60. In what year did you first come to this country from 
Germany ? 

A. In the year 1868. 

< Q 61. Helmholtz’s book: referred to by you was first published 
in 1862, was it not? And was the result, as he states in his preface, 
dated October, 1862, of eight years’ labor? 

A. As far as I know these statements are correct. 


(Signed) CARL SEILER, M. D. 


Sworn and subscribed before me this twenty-sixth day of March, 
A. D. 1885. 
SAMUEL BELL, 
Special Kxaminer. 


Carl Seiler, M. D., recalled, by counsel for defendants, and testifies 
as follows :— 


Q 62. Please examine the Treatise on Human Physiology by John 
C. Dalton, Philadelphia, Henry C. Lea, 1875, and state whether, on 
pages 565 and 566, it does not contain the following :— 


“In addition to its function in respiration, the larynx is also an 
“organ of vocal sound. * * * ‘The actual formation of the 
“voice, or the production of sonorous vibration, takes place, there- 
“ fore, exclusively in the larynx; while articulation, or the division of 
“the vocal sound into words and phrases by vowels and consonants, 
“is accomplished by the aid of the lips, tongue, teeth, and palate. 
“x * * Furthermore, as the two functions of vocalization and 
“articulation are accomplished by distinct nervous and muscular 
“actions, they may be deranged independently of each other, by injury 
“or disease of different parts of the nervous system. ‘That of articu- 
“lation is regulated by the action of the facial and hypoglossal nerves, 
“ while vocalization is under the control of the pneumogastric,” 
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‘subscribers for express, service only equipped with, Bell magneto 
phones, without microphones. Each subscriber has one mag- 
telephone which is used alternately as transmitter and re- 
“ ceivar,”’ and he offers to send for a ms ar? acer to prove the 


truth o&these statements. Counsel for,respondgnts admits that such 
a witnesd could be produced and would so swéar, and therefore waives 
the produgtion of the witness. 
5 

Counsel fey defendant offers in evidence/the English Letters Patent 
of Cromwell ‘Fleetwood Varley, of, Lonfion, England, for Improve- 
ment in Telegraphing, No. 78,495, date June 2d, 1868. 

Also English\Letters Patent of saig’ Varley for Electric Telegraphs, 
No. 1044, dated April 8th, 1870. | # 

Said patents are,contained in thg’Dolbear Record, from page 631 to 
639, and may be referred to by cgunsel and printed as therein. 

if 

Counsel for complainant offgrs in evidence the General Report of 
the Judges of Cententtial Exfibition of Group XXV., pp. 20 and 21. 

Also Report on Awards £cntennial Exhibition, pp. 130 and 131. 
(Pp. 93 to 97, Dolbear Recgrd.) 

Also the newspaper gyplications in 1876 and 1877 in the same 
record, between pages 8#and 166. 

[ Counsel for defendangs ebject to the newspaper publications for irrele- 
vancy and oo f 


Carl Seiler, M. D, -calle¥, by counsel for defendants, and testifies 
as follows :— i | 

© 62. Please exgmine the Treatise on Human Physiology by John C. 
Dalton, Philadel ghia, Henry &. Lea, 1875, and state whether, on 
pages 565 and 56, it does not dpntain the following :— 


“Tn additionf to its function” In in \yespiration, the larynx is also an 
‘organ of vogil sound. * %* The actual formation of the 
“voice, or thg production of sonor@us vibrations, takes place, there- 

“fore, exclusgvely in the larynx; whifke articulation, or the division of 
‘the vocal sgund into words and phrdages by vowels and consonants,’ 

“is accomplfshed by the aid of the Kps, tongue, teeth, and palate. 

sis ai } F urthermore, as the two¥unctions of vocalization and’ 

“articulation are accomplished by disf\nct nervous and muscular 

“actions, tlhtley may be deranged independetly of each other, by injury 
‘or diseas¢ of different parts of the nervot& system. That of articu- 

‘ “lation 1 is fegulated by the action of the faciak.and hypoglossal nerves, 

‘while vodalization is under the control of the pneumogastric.” 
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A. I have looked at the work named, and it does contain the passage 
quoted. 

O 63. Please refer to the work entitled ‘“‘ The Telephone, the Micro- 
‘phone, and the Phonograph,” by Count Du Moncel, translated from 
the French, and republished in this country by Harper & Brothers, 
New Vouk. 1879, and state whether, in referring, on page 72, to the 
effect of carbon and graphite in modifying the resistance of the cir- 


cuit, he does not, in a note, use the following language :-— 


“This property has long been known, but not applied. In 1856, 
‘in the second edition of my Exposé des Applications a’ Hlectriciteé, I 
“pointed them out in speaking of the contact-breakers. I also 
‘spoke of them in a paper on electro-magnets (published in the Azzales 
“ Lelegraphiques, 1865), and in several articles laid before the Académte 
“des Sciences in 1872 and 1875, on the conductivity of filings and 

“conducting powers. M. Clérac, in 1865, also used them to obtain 
“variable resistances.” 


A. I have looked at the work named, and it does contain the pass- 
age quoted. 
O 64. Please refer to the same work by Du Moncel, viz., “ The Tele- 


“phone, the Microphone, and the Phonograph,” and state whether on 


pages 12, 13, 14, and 15, it does not contain the following passage :— 


“From the telegraphic point of view, however, the problem of 
“transmitting sounds to a distance was far from being solved in this 
“way, and the idea of applying electricity to this mode of transmission 
‘naturally arose as soonas the wonderful effects of electric telegraphy 
“were observed, that is,in the years subsequent to 1839. A surprising 
“ discovery made in America by Mr. Page, in 1837, and afterward inves- 
“ tigated by MM. Wertheim, De la Rive, and others, must also have led 
‘up to it; for it was observed that a magnetic bar could emit sounds 

“when rapidly magnetized and demagnetized ; and these sounds cor- 
“responded with the number of currents which produced them. 

“Again, the electric vibrators devised by MM. Macauley, Wagner, 
“ Neef, &c.,and adapted to produce musical sounds, between 1847-1852, 
“by MM. Froment and Petrina, showed that the problem of transmit- 
“ting sounds toa distance was not insoluble. Yet, up to 1854, no one 
“had ventured to admit the possibility of transmitting speech by elec- 
“tricity; and when M. Charles Bourseul published, in that year, a paper 
“on the electric transmission of speech, the idea was regarded as a 
“fanciful dream. I confess that I myself thought it incredible; and 
“when I produced the paper in the first edition of my account.of the 
‘applications of electricity, published in 1854, I felt bound to add that 
“the scheme seemed more than doubtful. Yet, as the paper was 
“thoughttully written, I had no hesitation in publishing it, affixing 
. “ the signature of Ch. B. Events justified this daring idea; and although 
‘it did not include the only principle which could lead to the repro- 
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“duction of articulate sounds, yet it was the germ of the fertile inven- 
“tion which has made the names of Graham Bell and Elisha Gray 
“famous. For this reason I will again quote M. Charles Bourseul’s 
“ paper. 

“« After the telegraphic marvels which can reproduce at a distance 
“handwritings, or even more or less complicated drawings, it may 
“appear impossible to penetrate farther into the region of the marvel- 
“ous. Yet we will try to advance a few steps farther. I have, for 
“example, asked myself whether speech itself may not be transmit- 
“ted by electricity—in a word, if what is spoken in Vienna may not 
‘be heard in Paris. The thing is practicable in this way :-— 

“* We know that sounds are made by vibrations, and are adapted to 
“the ear by the same vibrations which are reproduced by the inter- 
“vening medium. But the intensity of the vibrations diminishes 
“very rapidly with the distance; so that it is, even with the aid of 
“ speaking-tubes and trumpets, impossible to exceed somewhat nar- 
“row limits. Suppose that a man speaks near a movable disc, suff- 
“ciently flexible to lose none of the vibrations of the voice, that this 
“disc alternately makes and breaks the currents from a battery; you 
‘“may have at a distance another disc, which will simultaneously exe- 
“cute the same vibrations. 

“<Tt istrue that the intensity of the sounds produced will be variable 
“at the point of departure, at which the disc vibrates by means of the 
“voice, and constant at the point of arrival, where it vibrates by means 
“ of electricity ; but it has been shown that this does not change the 
“sounds. Itis, moreover, evident that the sounds will be reproduced 
“at the same pitch. | 

“«The present state of acoustic science does not permit us to declare 
“a priorz if this will be precisely the case with syllables uttered by the 
“human voice. The mode in which these syllables are produced has 
“not yet been sufficiently investigated. It is true that we know that 
“some are uttered by the teeth, others by the lips, and so on; but this 
“Gs all. 

““Flowever this may be, observe that the syllables can only re- 
‘produce upon the sense of hearing the vibrations of the intervening 
“medium ; reproduce precisely these vibrations, and you will repro- 
“duce precisely these syllables. 

“*Tt is, at all events, impossible, in the present condition of science, 
“to prove the impossibility of transmitting sound by electricity. 
“Everything tends to show, on the contrary, that there is such a pos- 
“sibility. When the application of electro-magnetism to the trans- 
“mission of messages was first discussed, a man of great scientific at- 
“tainments treated the idea as utopian, and yet there is now direct 
“communication between London and Vienna by means ofa simple 
“wire. Men declared it to be impossible, but so it is. 

“<“Tt need not be said that numerous applications of the highest 1m- 
“ portance will immediately arise from the transmission of speech by 
“electricity. Any one who is not deafand dumb may use this mode 
“of transmission, which would require no apparatus except an electric 
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“battery, two vibrating discs, and a wire. In many cases, as for ex- 
“ample in large establishments, orders might be transmitted in this 
“ way, although transmission by electricity will not be used while it is 
“necessary to go from letter to letter, and to make use of telegraphs 
“which require use and apprenticeship. However this may be, it is 
“certain that, in a more or less distant future, speech will be trans- 
“mitted by electricity. J have made some cxperiments in this direction ; 
“they are delicate, and demand time and patience, but ¢he approxima- 
“tions obtained promise a favorable result. [The italics are in the 
original. | 

‘This description is certainly not full enough to enable us to discern 
“from it the arrangement which would lead to the solution of the 
“problem, and if the vibrations of the disc at the receiving-station were 
“to follow from making and breaking the current at the sending-sta- 
“tion, under the influence of vibrations caused by the voice, they 
“would only produce musical, and not articulate sounds. Yet the 
‘idea was magnificent, as Mr. Preece said, even when he thought it 
“impossible to realize it. Besides, it is easy to see that M. Bourseul 
“himself was not deceived as to the difficulties of the problem, as far 
“as articulate sounds are concerned, for he points out, as we have seen, 
“the difference existing between the simple vibrations which produce 
“musical sounds, and the complex vibrations which cause articulate 
“sounds; but, as he justly said, ‘ Reproduce at the one end of the line 
““the vibrations of air caused at the other, and speech will be trans- 
“mitted, however complex the mechanism may be by which it is 
‘effected.’ ” 
A. It does contain the foregoing passage on said pages. 
© 65. Please refer to the same work by Du Moncel, viz., “ The Tele- 
“phone, the Microphone, and the Phonograph,” and state whether on 
the pages from 126 to 136 it does not contain the following passage, 


v1Z. :-— 


“ Theory of the Lelephone.—I\t appears from the several experiments 
“of which we have spoken that the explanation generally given of the 
“effects produced inthe telephone is very imperfect, and that the trans- 
“mission of speech, instead of resulting from the repetition by the 
“membrane of the receiving telephone (influenced by electro-mag- 
“netism) of vibrations caused by the voice on the membrane of the 
“transmitting membrane, is due to molecular vibrations produced 
“in the whole electro-magnetic system, and especially on the magnetic 
“core contained in the helix. These vibrations must be of the same 
“nature as those which have been observed in resonant electro-mag- 
“netic rods by MM. Page, De la Rive, Wertheim, Matteucci, &c., and 
“these have been employed in telephones by Reis, by Cecil and 
“Leonard Wray, and by Vanderweyde. 

‘“ According to this hypothesis, the principal office of the vibrating 
‘plate consists in its reaction, in order to produce the induced cur- 
“rents when the voice has placed it in vibration, and by this reaction 


“on the polar extremity of the bar magnet it strengthens the magnetic 
‘effects caused in the centre of the bar when it vibrates under the 
“electro-magnetic influence, or at least when it is affected by the mag- 
“net. Since the range of these vibrations fora single note is great 
“in proportion to the flexibility of the note, and since, on the other 
“ hand, the variations in the magnetic condition of the plate are rapid 
“in proportion to the smallness of its mass, the advantage of employ- 
‘ing, as Mr. Edison has done, very thin and relatively small plates is 
“readily understood. Inthe case of transmission, the wider range 
“of vibration increases the intensity of the induced currents trans- 
In the case of reception the variations in the magnetizing 
“force which produces the sounds are rendered clearer and more dis- 
“tinct, both in the armature membrane and in the bar magnet ; some- 
“thing is gained, therefore, in each case. This hypothesis by no 
“means excludes the phonetic effects’ of the mechanical and physical 
“vibrations which may be produced in the armature plate under the. 
“influence of magnetization and demagnetization to which it is sub- 
“ected, and these join their influence to that of the magnetic core. 
“What is the nature of the vibrations sent into the receiving tele- 
“phone ? This question is still obscure, and those who have studied it 
“are far from being in agreement: as early as 1846 it was the subject 
‘of an interesting discussion between MM. Wertheim and De la Rive, 
‘“and the new discoveries render it still more complex. M. Wertheim 
‘considers that these vibrations are at once longitudinal and trans- 
“verse, and arise from attractions exchanged between the spirals of 
“the magnetizing helix and the magnetic particles of the core. M. 
“De la Rive holds that in the case we are considering the vibrations 
“are simply longitudinal, and result from molecular contractions and 
‘expansions produced by the different combinations assumed by the 
“magnetic molecules under the influence of magnetization and de- 


mitted. 


‘“magnetization. 
‘tion, and it seems to be confirmed by the experiment made by M. 
“ Guillemin in 1846. M. Guillemin ascertained that if a flexible iron 
‘rod, surrounded by a magnetizing helix, is kept in position by a 
“vise at one end, and bent back by a weight at the other, it can be 
‘made to return instantly to its normal position by sending a current 
“through the magnetizing helix. This recovery can in such a case 
“be due to nothing but the contraction caused by the magnetic mole- 
“cules, which, under the influence of their magnetization, tend to 
‘produce intermolecular attractions, and to modify the elastic condi- 
“tions of the metal. Itis known that when iron is thus magnetized 
“it becomes as hard as steel, and a file makes no impression on its. 


‘* surface. 


“It is, at any rate, impossible to dispute that sounds are produced 
‘in the magnetic core, as well as in the armature, under the influence 
‘of intermittent electric action. These sounds may be musical or 
‘articulate; for as soon as the sender has produced the electric 
“action required, there is no reason why vibrations which are effected 
“in a transverse or longitudinal direction should transmit the one 
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This appears to us to be the most natural explana- 
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“more than the other. These vibrations may, as we have seen, be 
“termed microscopic. 

“Signor Luvini, who shares our opinion of the foregoing theory, 
“does not, however, think it wholly satisfactory, unless account is 
“taken of the reaction caused by the bar magnet on the helix which 
“surrounds it. ‘There cannot,’*he says, ‘be action without reaction, 
“and consequently the molecular action produced in the magnet 
“* ought to cause corresponding variations in the helix, and these two 
“ “effects ought to contribute to the production of sound.’ He sup- 
“ports this remark by a reference to Professor Rossetti’s experiment, 
“ of which we have spoken above. 

“We believe, however, that this double reaction of which Signor 
“Luvini speaks is not indispensable, for we have seen that insulated 
“helices can produce sounds ; it is true that the spirals, reacting on 
“each other, may be the cause of this. 

“The difficulty of explaining tthe production of sounds in an 
“ electro-magnetic organ destitute of armature caused the authenticity 
“of the experiments we have described to be at first denied, and 
“Colonel Navez started a controversy with us which is not likely to 
“be soon terminated; yet one result of this controversy is that Colo- 
“nel Navez was obliged to admit ‘hat the sound of the human voice may 
“ be reproduced by a telephonic receiver without a disc. But he still be- 
“lieves that this reproduction is so faint that it is not possible to rec- 
“ ognize articulate words, and he maintains that the transverse vibra- 
“tions of the disc,-which are due to effects of attraction, are the only 
“ones to reproduce articulate speech with such intensity as to be of 
“any use, | 

“Tt is certain that the articulation of speech requires a somewhat 
“intense vibration which cannot easily be produced in a telephone 
“without a diaphragm; for it must be remembered that in an instru- 
“ment so arranged, the magnetic effects are reduced in a considerable 
“ratio, which is that of the magnetic force developed in the magnet, 
“multiplied by itself, and that so faint an action as that effected in a 
“telephone becomes almost null when, in consequence of the suppres- 
“sion of the armature, it is only. represented by the square root of the 
“force which produced it. It is therefore possible that the sounds 
“which are hardly perceptible in a telephone without a diaphragm 
“become audible when the cause which provokes them is multiplied 
“by itself, and when there are in addition the vibrations produced in 
“the heart of the armature itself, influenced by the magnetizations 
“and demagnetizations to which it is subjected. 

“In order to show that the action of the diaphragm is less indis- 
“pensable than Colonel Navez seems to imagine, and that its vibra- 
“tions are not due to electro-magnetic attractions, it will be enough to 
“refer to Mr. Hughes’ experiments, which we have mentioned above. 
“Tt is certain that if this were the effect produced, we should hear 
“better when the two bar magnets present their poles of the same 
“nature before the diaphragm, than when they present the poles of 
“contrary natures, since the whole action would then converge in the 
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“same direction. Again, the more marked effects obtained with mul- 
‘tiple diaphragms in juxtaposition completely exclude this hypothe- 
“sis. It is, however, possible that in electro-magnetic telephones the 
“iron diaphragm, in virtue of the rapid variations of its magnetic 
“condition, may contribute to renderthe sounds clearer and more dis- 
“tinct; it may reactin the way the tongue does; but we believe that 
“the greater or less distinctness of the articulate sounds must be chiefly 
“due to the range of vibrations. Thus Mr. Hughes has shown that 
“the carbons of metallized wood employed in his microphonic speak- 
“ers were to be preferred to retort carbons for the transmission of 
“speech, for the very reason thai they had less conductivity, so 
“that the differences of resistance which result from differences of 
“pressure are more marked, and consequently it is easier to seize 
“the different degrees of vocal sounds which constitute articulate 
“speech. 

“It must be clearly understood that what we have just said only 
“applies to the Bell telephone; that is, to a telephone in which the 
“electric currents have such a faint intensity that it cannot be sup- 
“posed there is any external attractive effect. When these currents 
“are so energetic as to produce such an effect, a transverse electro- 
“magnetic vibration certainly takes place, which is added to the mole- 
“cular vibration, and helps-to increase the sounds produced. But it is 
“no less true that this transverse vibration by attraction or by move- 
“ment of the diaphragm is not necessary for the reproduction of 
“sounds, whether musical or articulate. 

“We are not now concerned with the discussion of magnetic effects ; 
“there has been an advance in science since Colonel Navez started the 
“controversy, and we must ask how his theory of the movements of 
“the telephone diaphragm by attraction will explain the reproduction 
“of speech by a receiving microphone destitute of any electro-mag- 
“netic organ, and I can assert that my experiments show that there 
“can be no mechanical transmission of vibrations, since no sound is 
“heard when the circuit is broken or deprived of its battery. Colo- 
“nel Navez must therefore accept the molecular vibrations. ‘This cer- 
“tainly gives us a new field for study; but it is because European men 
“of science persist in remaining bound by incomplete theories that 
“we have allowed the Americans, who despise them, to reap the glory 
“of the great discoveries by which we have lately been astonished. 

“The experiments quoted above show that sounds may be reproduced 
“not only by simple helices without an electro-magnetic organ, but 
“also by the plates of a condenser, in spite of the pressure exerted 
“upon them; and when we add to this the effects I have just pointed 
“out, it may be supposed that vibrations of sound must result from 
“every reaction between two bodies which has the effect of producing 
“abruptly and at close intervals modifications in the condition of their 
“electric or magnetic equilibrium. It is known that the presence of 
“ponderable matter is necessary for the production of electric effects, 
“and it is possible that the molecular vibrations of which I have 
“spoken may be the result of molecular movements, due to the varia- 
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“tions of the electric force which holds the molecules in a special 
“condition of reciprocal equilibrium. 

“Tn conclusion, the theory of the telephone and microphone, con- 
“sidered as reproductive organs of speech, is still far from being per- 
“fectly clear, and it would be imprudent to be too positive on ques- 
“tions of such recent origin. 

“The theory of the electric transmission of sounds in electro-mag- 
“netic telephones is somewhat complex. It has been seen that they 
“can be obtained from diaphragms of non-magnetic substance, 
“and even from simple mechanical vibrations produced by shocks. 
“ Are we to ascribe them in the first case to the inductive reaction of 
“the magnet on the vibrating plate, and in the second case to the 
“movements of magnetic particles before the spirals of the helix ? 
“The matter is still very obscure; yet it is conceivable that the mod- 
“ifications of the inducing action of the magnet on the vibrating dia- 
“phragm may involve variations in the magnetic intensity, just as we 
“can admit an effect of the same kind due to the approach and with- 
“drawal of the magnetic particles of the spirals of the helix; M. 
“Tréve, however, believes that there is in the latter case a special 
“action, which he has already had occasion to study under other cir- 
“ cumstances, and he sees in the current thus caused the effect of the 
“transformation of the mechanical labor produced amidst the mag- 
‘netic molecules. The question is complicated by the fact that these 
“effects are often produced by purely mechanical transmissions, 

‘There is another point to consider, on which Colonel Navez has 
“made some interesting remarks; that is, whether the effects in the 
“receiver are stronger with permanent than with temporary magnets. 
“In the first model of the telephone, exhibited by Mr. Bell at Phila- 
“delphia, the receiver was, as [ have said, made of a tubular electro- 
‘“ maenet, furnished with a vibrating disc at its cylindrical pole; but 
“this arrangement was abandoned by Mr. Bell, with the object, as he 
“states in his paper, of rendering his instrument both a receiver and a 
“sender.* Yet Colonel Navez maintains that the magnet plays an 
“important part, and js even indispensable under the present conditions 
“of its form. ‘It is possible,’ he says, ‘ under certain circumstances, 
“and by making the instrument in a special way, to make a Bell 
“* receiver speak without a permanent magnet, yet with an instrument 
‘of the usual construction the sound ceases when the magnet is with- 
“* drawn and replaced by a cylinder of soft iron. In order to restore 
““the voice of the telephone, it is enough to approach the pole of a 
“permanent magnet to the cylinder of soft iron. It follows from these 
“ “experiments that a Bell telephone cannot act properly unless the disc 
‘“““is subjected to an initial magnetic tension obtained by means of a 
“permanent magnet. It is easy to deduce this assertion from a con- 
““ sideration of the theory.’ 


‘“* These are his own words: ‘ The articulation produced from the instrument was 
‘“*remarkably clear, but its great defect consisted in the fact that it could not be 
‘‘“used as a sending instrument, and thus two telephones were required at each 
‘‘ “station, one for transmitting and one for receiving spoken messages.’ ”’ 
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‘The assertion may be true in the case of Bell telephones, which are 
“worked by extremely weak currents, but when these currents are re- 
“atively strong, all electro-magnets will reproduce speech perfectly, 
‘and we have seen that M. Ader made a telephone with the ordinary 
‘“electro-magnet which acted perfectly. 

‘The action of the currents sent through the helix of a telephone 
“can be easily explained. Whatever may be the magnetic conditions 
“of the bar, the induced currents of different intensity which act upon 
“it produce modifications in its magnetic state, and hence the molecu- 
“lar vibrations follow from contraction and expansion. These vibra- 
“tions are likewise produced in the armature under the influence of 
“the magnetizations and demagnetizations which are produced by the 
“magnetic action of the core, and they contribute to the vibrations of 
“the core itself, while at the same time the modifications in the mag- 
“netic condition of the system are increased by the reaction of the 
“two magnetic parts upon each other. 

“When the bar is made of soft iron, the induced currents act by 
“creating magnetizations of greater or less energy, followed by de- 
“magnetizations which are the more prompt since inverse currents 
‘““always succeed to those which have been active, and this causes the 
“alternations of magnetization and demagnetization to be more dis- 
“tinct and rapid. When the bar is magnetized, the action is differ- 
“ential, and may be exerted in either direction, according as the in- 
“duced currents corresponding to the vibrations which are effected 
“pass through the receiving coil in the same or opposite direction as 
“the magnetic current of the bar. If these currents are in the same 
“ direction, the action is strengthening, and the modifications are effect- 
“edas if a magnetization had taken place. If these currents are of 
“ opposite direction, the inverse effect is produced ; but, whatever the 
“effects may be, the molecular vibrations maintain the same reciprocal 
“relations and the same height in the scale of musical sounds. Ifthe 
“question is considered from the mathematical point of view, we find 
“the presence of a constant, corresponding with the intensity of the 
“current, which does not exist in mechanical vibrations, and which 
“may possibly be the cause of the peculiar tone of speech reproduced 
“by the telephone, a tone which has been compared to the voice of 
“Punch. M. Dubois Raymond has published an interesting paper on 
“this theory, which appeared in Les Jondes, February 21, 1878, but, 
“we do not reproduce it here, since his remarks are too scientific for 
“the readers for whom this work is intended. We will only add that 
“Mr. C. W. Cunningham asserts that the vibrations produced ina 
“telephone cannot be manifested under precisely the same conditions 
“as those which affect the tympanum of the ear, because the latter has 
“a peculiar funnel-shaped form, which excludes every fundamental 
“note, specially adapted to it, and this is not the case with the bars 


a 


“ “and magnetic plates which possess fundamental notes capable of 


‘“oreatly altering the half-tones of the voice.. He considers the alter- 
“ation of the voice observed in the telephone must be ascribed to these 
“fundamental notes. 
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“ VM. Wiesendanger’s Thermophone.-—M. Wiesendanger, in an article 
“inserted in the English Mechanic and World of Science, September 
“13, 1878, ascribes the reproduction of speech in certain telephones 
“to vibratory movements resulting from molecular expansions and 
“contractions produced by variations of temperature, and these vari- 
‘ations would follow from the currents of varying intensity which are 
.“transmitted through the telephonic circuits. He was conscious of 
“one objection to this theory, namely, that the movements of expan- 
“sion and contraction due to heat are slowly produced, and conse- 
“quently are not capable of substantial action, rapid enough to pro- 
“duce vibrations; but he considers that molecular effects need not 
“take place under the same conditions as those which are displayed in 
“the case of material substances. 

““M. Wiesendanger believes that this hypothesis will explain the re- 
“production of speech in the receiving microphones of Mr. Hughes, 
“and that it may even be applied to the theory of the electro-magnetic 
“telephone, if we consider that a magnetizing helix, as well as a mag- 
“ netic core, round which an electric current circulates, is more or less 
“heated, according to the intensity of the current which traverses it, 
“ especially when the wire of the helix and the core are bad conductors 
“ of electricity and of magnetism. Pursuing this idea, M. Wiesendan- 
“oer has sought to construct telephones in which calorific effects are 
“more fully developed, and with this object he used very fine wire of 
“ German silver and platinum to make the coils. He ascertained that 
“these coils could produce sounds themselves, and, to increase their 
“intensity, he put them between discs of iron, or on tin tubes, placed 
“on resonant surfaces close to the discs. In this way he says that he 
“was able to make a good receiving telephone without employing mag- 
nets. He afterward arranged the instrument in different ways, of 
‘“ which the following two are the most noteworthy :— 

‘In the first, the electro-magnetic system was simply formed by a 
“magnetic disc with a helix wound round it, of which the wire was in 
“connection with the circuit of a microphone, and which was fastened 
“to the centre of the parchment membrane of an ordinary string tele- 
“phone; the disc consisted of two iron plates separated by a carbon 
“disc of smaller diameter, and the whole was so compressed as to 
“form a solid mass. 

“Tn the second, the helix was wound on a tin tube, six inches long 
“and five-eighths of an inch in diameter, which was soldered by merely 
“a point to the centre of the diaphragm of an ordinary telephone. 

“The inventor asserts that the tube and diaphragm only act as re- 
“sonators, and that the sounds produced by this instrument are nearly 
“the same as those obtained from the ordinary string telephone; the 
“tunes of a musical box were heard, and the reproduction of speech 
“was perfect, both in intensity and in distinctness of sound; it even 
“appeared that telephonic sounds were audible with the tin tube alone, 
“surrounded by the helix. M. Wiesendanger says that ‘these dif- 
“‘ferent receiving telephones show clearly that the diaphragm and 
“* magnet are not essential, but mere accessory, parts of a telephone.’ ” 
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A. I have examined the book, and find that it contains the passage 
quoted. 

© 66. Please examine the book entitled “ Electricity: its Theory, 
“Sources, and Applications. By John T. Sprague, Member of the 
“Society of Telegraph Engineers and Electricians. Second edition 
“(oreatly enlarged). London: E. & F. N. Spon, 16 Charing Cross, 
“New York: 35 Murray street. 
594 and 595 it does not contain the following passage :— 


1884; and state whether on pages 


“The Telephone-——This instrument has come into practical use 
“almost from the day of its first real introduction, and, unlike most 
“inventions, was perfected at once. But this only applies to the ac- 
“tual instrument—to Bell’s telephone, which, notwithstanding numer- 
“ous claimants to improvement, remains the best for general use. It 
“is not intended here to enter into an examination of the various 
“claims to the origination of the telephone beyond the remark that 
“it is pretty clear that Reis fully conceived the idea, and made a 
“working apparatus, which, if not perfect, only required a little use to 
“make it so; but his idea remained fruitless, though it may probably 
“have been the germ from which the later successful instrument was 
“derived. There are many people who, doing little themselves for 
“the world, appear to find a pleasure in fancying they diminish the 
“credit of a successful worker by pointing out that some one had 
“anticipated him, and the vaguest intimation of the possibility of 
“something being done, is quite enough for these people. On the 
“other hand, an idea once published and become, as it were, public 
‘property, becomes a seed which germinates in another mind, and 
“that mind perfects it, possibly without an idea as to whence the fer- 
“tile suggestion was derived, and without this origin in the least 
“diminishing the merit of the person who has ultimately brought the 
“idea to completion. 

“It is right to recognize that Reis really brought the telephone near 
“perfection, and Professor Syl. Thompson has done good work in 
“demonstrating the fact; nor is it unlikely that the work of Reis 
“ directly or indirectly influenced the mind of many people, and among 
“them that of Bell while working out the subject. But we must 
“recognize that Bell did work tt out, and is. its legitimate inventor. 
‘Equally certain is it that the completion of the practical system of 
“telephony is due to Professor Hughes, whose microphone, /ree/y 
“ gtven to the world, is the basis of the numerous patents and so-called 
“inventions for the transmitting part of the system.” [The italics are 
in the original. | 


“A. I see that the book contains the passage quoted. 
© 67. Please examine the book entitled “ Traité élémentaire de Phy- 
sique par A. Ganot. Dix-neuviéme édition, entiérement refondue, com- 
prenant les matiéres indiquees par les programmes de 1880, pour l’en- 
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seignement scientifique dans les lycées, pour l’examen du Baccalaureat 
es sciences, pour l’admission a l'Ecole de Saint-Cyr et a l’Ecole cen- 
trale ainsi que les compléments nécessaires pour les cours de l’Ecole 
polytechnique (nouveau programme) et de l’Ecole normale supérieure. 
Par Georges Maneuvrier, ancien éleve de l’Ecole normale supérieure 
agrégé des sciences physiques et naturelles, repetiteur a l’Ecole des 
hautes études (Sorbonne). Ouvrage contenant 1014 gravures interca- 
lées dans le texte et deux planches en couleur. Paris, librairie 
Hachette & Cie., Boulevard St. Germain, 79, 1884;” and state whether 
it does not contain, on page 1072 and 1073, the following passage :— 


“Cette theorie du telephone a plaque de fer doux n'est pas com- 
“plete. Les vibrations de la plaque vibrante ne paraissent pas dues 
“uniquement aux variations de magnetisme de l’aimant. La mesure 
“de l’intensité des courants induits dans le telephone Bell a prouve 
“qu'ils sont beaucoup trop faibles pour produire les vibrations de la 
“plaque simplement par attractions et repulsions magnetiques. De 
“plus, si l’on substitue a la plaque de fer doux des plaques nonmag- 
“nétiques, de verre, de cuivre, de bois, &c., les sons sont encore trans- 
“mis, quoique avec une intensite beaucoup moindre. Sans rejeter les 
“ courants induits developpes dans le fil des bobines par |’induction de 
“la plaque de fer doux du transmetteur, on est donc conduit a ad- 
“mettre en outre que l’étui du telephone et le barreau aimanté entrent 
“eux-memes en vibration sous l’influence de la voix, et que ce sont 
“leurs vibrations moleculaires qui se transmettent par les fils de cuivre 
“jusqu’a la caisse du recepteur. 

“En résume, les actions et reactions dont ce teléphone est le siége 
“ne sont pas aussi simples qu’on I’avait cru tout d’abord, et l’on peut 
“dire que /a théorie de cet instrument est encore a faire.’ |The italics 
are in the original. | 

A. The book does contain the passage quoted. 

© 68. Please state whether the above passage is not correctly trans- 
lated as follows :— 


“This theory of a telephone with a disc of soft iron is not complete. 
“The vibrations of the vibrating disc do not appear to be due solely 
“to the magnetic variations of the magnet. The measure of the inten- 
“sity of the induced currents in the Bell telephone has proved that 
“they are a great deal too feeble to produce vibrations of the disc 
“simply by magnetic attractions and repulsions. Moreover, if non- 
“magnetic discs of glass, copper, wood, &c. are substituted for a disc 
“of soft iron, the sounds will be transmitted still, though with much 
“less intensity. Without rejecting the induced currents which are de- 
“veloped in the wire of the bobbins by the induction of the disc of 
“soft iron of the transmitter, one is therefore led to admit, besides, 
“ that the box of the telephone and the magnetic bar themselves enter 
‘into vibrations under the influence of the voice, and that their molec- 
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“ular vibrations are tiansmitted by the copper wires to the case of the 
‘receiver. 

“Upon the whole, the actions and reactions of which the telephone 
“is the seat, are not so simple as was at first thought, and it may be 
“said that the theory of this instrument is yet to be made.’ | The italics 
are in the original. ] 


A. I consider the foregoing translation to be correct. 

© 69. Please examine the book now shown you, entitled “ Electricity 
“and Magnetism. By Fieming Jenkin, F. R.S.S. L.& E., M. LCE, 
“Professor of Engineering in the University of Edinburgh. Sixth edi- 
‘tion. London: Longmans, Green & Co., 1881 ;” and state whether or 
not it does not contain on pages 376 and 377 the following passage :— 


“The explanation of the action of the instrument (the Bell tele- 
“ phone) given above agrees with that given by its inventor. Some 
“curious facts, however, led many to believe that this explanation is 
“not the trueone. It has been discovered that instead of the thin ferro- 
“type disc of iron a thick plate might be used, and it has been assert- 
“ed that this plate could not possibly bend enough under the influence 
“of the voice to induce currents by its deflections. The word dexd 
“may be quite inapplicable to sucha case, but the surface opposite 
“the magnet does certainly advance and recede, or it would not trans- 
‘“mit sound to the air in contact with it. This alternate advance and 
“recess would take place if, instead of a 3g plate, we had a rod many 
“feet or many yards long. A far more singular fact has been dis- 
“covered by many observers, namely, that non-magnetic and even 
“ non-conducting substances might be used instead of a ferrotype disc 
“in the receiving instrument, and lastly that the receiving instrument 
“will work, though very feebly, with no disc whatever. In this case 
“it seems clear that the Page effect, as it may be called, z. ¢. the noise 
“made by the magnet itself as its particles rearrange themselves with 
“each change of stress, is the source of the sound heard. This sound 
“becomes articulate as soon as its increase and decrease follow the 
“increase and decrease produced by the voice at the sending end. It 
“is obvious that when the currents sent are those due to the Bell disc, 
“the sounds from the Page effect must approximately at least corres- 
“pond with those which the ferrotype receiving disc would give off. 
‘Thus when the ferrotype receiving disc is present we hear at least 
‘“two simultaneous voices ; the voice of the disc which is strong, and 
“the voice of the magnet which is weak. When for the ferrotype 
‘disc we substitute a wooden plate, this plate will act as a sounding- 
“board for the Page effect. When the plate is a conductor currents 
“will be induced in it by the change in the magnetic field, and these 
‘will tend to move the plate in such a way as to give a third source 
‘of sound which might be called the Ampére effect. A fourth source 
‘may be due to the sound produced in the wire itself as the current 
“changes in intensity. This sound was first observed by M. De la Rive, 
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“and his observations have been lately confirmed by Dr. Ferguson in 
“ Edinburgh.” 

A. I have examined the book, and find that it contains the fore- 
going passage. 

QO 70. Please examine the book now shown you, the title of which is 
as follows: “The Modern Application of Electricity, by E. Hospitalier, 
“translated and enlarged by Julius Maier, Ph. D., Science Master, Chel- 
“tenham College ; second edition, revised, with many additions; in two 
“volumes;” volume one relating to Electric Generators, and Electric 
Light; volume two relating to Telephone; various applications ; 
Transmission of Energy; having the imprint of Kegan Paul, French 
& Co. No. 1 Paternoster Square, London, 1883; and state whether 
it does not contain on pages 5 and 6 of the second volume the fol- 
lowing passage :— 


“Tt cannot be doubted that Reis’ instrument can reproduce articu- 
“late speech ; it may not have done so before the invention of the Bell 
‘telephone, although there is evidence that the Reis instrument did 
“reproduce articulate speech in 1862; but it cannot be denied that 
“Reis was the first inventor of an instrument for producing undu- 
“Jatory currents in a closed circuit ; that he was the first to use undu- 
“latory currents to reproduce sounds with the assistance of the gal- 
“vanic battery, and that he was the first to invent an instrument which 
“reproduced articulate speech. Asin the case. of Pacinotti’s machine, 
“so also here, it is one thing to make a great discovery, and quite 
“another thing to utilize it and make it commercially successful. 
‘“ Reis, the poor artisan, without having himself realized the greatness 
‘of his invention, died poor as he had lived, in 1874; and a few years 
“after, Professor Bell had the good fortune to announce to the world 
“his speaking telephone, in which the principles of the Reis receiver 
“are found in an instrument in which the bar armature of the Reis is 
“changed into a circular armature.” 


A. I have examined the book, and find that it does contain the 
passage quoted. 

© 71. Please examine the same work and say whether or not it con- 
tains, on pages 43 and 44 of the same volume (the second), the follow- 
ing passages :— 

“ Battery Lelephones——In magnetic telephones the transmitter acts 
“like a real generator of electricity; the mechanical work of the voice 
“ts partly transformed into induction currents, and these currents, on 
“passing into the receiver, make it vibrate synchronically with the 
“membrane of the transmitter. The currents sent along the line must, 
“therefore, have a limited intensity, and in no case will the receiver 
“be able to emit more powerful sounds than those emitted before the 
“ transmitter. 
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‘The case is different with battery telephones. In these apparatus, 
“the vibrations of the transmitter are no longer utilized to produce 
“currents, but conveniently to distribute those emanating from a con- 
‘stant source; their intensity is, therefore, only limited by that of the 
‘source employed. Under these conditions the power of the receiver 
‘can be very great, and even repeat with more intensity the sounds 
“emitted before the transmitter. The microphone will offer a number 
“ of these examples. 

“ All transmitters of battery telephones are founded on the same 
“principle—to utilize the vibrations of a plate, or some such piece, 
“in order to produce a variation of the electrical resistance of a cir- 
‘cuit, and consequently to modify to a certain extent the intensity of 
“the electric current traversing that circuit. 

“This general principle requires the transmitter to be composed of 
“a special substance, with variable resistance, more or less ingeniously 
‘arranged in the circuit, and modifying its resistance under the influ- 
“ence of the vibrations it receives. From this results a very simple 
“classification of the battery transmitters, depending on the nature 
“of the substance which is instrumental in producing the variable 
“ resistance. 

“We distinguish three classes of battery transmitters :— 

Liquid transmitters, in which a liquid is employed to produce 
variable resistance. 

‘9. Transmitters with voltaic arc, in which a thin layer of air and 
“hi oh tension currents fulfill this function. 

" 3. Carbon transmitters, the only important and venation ones, 
“ comprising microphones. 

‘““We shall only say a few words on the two first classes, which have 
‘not given satisfactory results in practice, reserving a larger space for 

carbon transmitters, which are now exclusively used.” 


A. The book does contain the above passages. 

© 72. Please examine the same work and say whether or not it con- 
tains on pages IIg, 120,121, and 122 of the same volume (the second) 
the following passage :— 


“Theory of the Telephone—The theory of the transmitter pre- 
‘sents no difficulty, and has been explained several times in the pre- 
« coding pages ; we need not refer to itagain. The discussions which 
“arose on the theory of the a especially referred to the receiv- 
“ing apparatus. How doesa receive lephone, for instance—., 
“transform an undulatory current ‘ato an articulate sound? Whatare 
“the physical phenomena which bring about this transformation ? 
“We have admitted as a provisional theory, convenient for the 
“explanation of the apparatus, that the undulatory current produced 
“in the receiver a successive strengthening and weakening of the 
‘magnetic force of the magnet, which manifested itself by greater or 
“lesser attractions of the plate, which then vibrated synchronically 
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“with the undulations of the current and the magnetic power of the 
“magnetized bar. 

“This plausible explanation is sometimes verified in battery tele- 
“phones with carbon transmitters, but it is inadmissible with Bell's 


‘ telephone. 


Count Du Moncel, who from the outset rejected this 


“explanation, has seen his ideas partly confirmed by the numerous 
“experiments which have followed Bell’s invention; now-a-days his 
“theory is almost universally adopted, and we are going to put it 
“before our readers in a few words. 

“Numerous experiments and measurements made by Warren de la 
“Rue, Brough, Galileo Ferrari, and others, have proved that the 
‘intensity of the currents developed by Bell’s telephone does not 
“exceed that of Daniel’s element after having traversed 10,000,000 


“kilometres of telegraph wire 


that is to say, 100,000,000 ohms— 


“which represents a telegraphic circuit of a length equal to 250 
“times the circumference of the earth. 

“This makes it very difficult to believe that the difference of mag- 
“netism produced in the magnetized bar by currents of such feeble 
“intensity could manifest themselves by variations in the attraction of 
“the vibrating plate placed at a distance. 

“Bréguet’s experiments, made with plates of fifteen centimeters 
“thickness, and Ader’s, who employed no plate at all, put an explana- 
“tion based on magnetic attractions alone out of the question. 

‘““Page’s experiments have shown that an iron rod placed in a bob- 
“bin vibrates under the influence of interrupted currents. Reis’ 
“musical telephone is, as we have seen, a practical application of this 
“phenomenon. These vibrations are occasioned in the very core 
“itself by successive changes of magnetization of the core. In Bell’s 
“telephone the core vibrates longitudinally under the influence of the 
“undulatory current traversing the bobbin. 

“This second phenomenon, however, is not sufficient to explain 
“ Ader’s telephone without magnetic core; a third influence must be 
‘admitted, due to the action of the spirals of the helix upon’ each 


“ other. 


In other cases the helix and the magnetized bar act upon 


‘one another, and this contributes to the production of sounds. 

“Sometimes ‘a fifth influence of purely mechanical origin is at 
“work, manifesting itself in the same way as the transmission of 
“sound through solid bodies. Crepaux’s experiments (page 104) 
“are the most curious and most remarkable instance of this. 

“In a given telephone, the five agencies which have been mentioned 
“are not all at work with the same energy; sometimes one of them 
‘is predominant, others disappear completely. In certain cases all 
“five act, but not with the same degree of energy. In certain tele- 
“phones the vibration of the plate itself plays a rather important part 
“in giving to the transmitted sounds a very peculiar timbre, but this 
“is chiefly the fault of the transmitter, which sends a deformed undu- 
“latory current along the line by the very action of its vibrating 


‘plate. 


“ And yet it would be a mistake to conclude from all this that tele- 
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‘phonic currents coming from a magnetic transmitter cannot produce 
“vibrations in a diaphragm by purely magnetic attraction. Ader’s 
‘‘alarum, for instance, acts with currents developed by Gower’s mag- 
“netic telephone. Here we have a direct magnetic action producing a 
“veritable attraction. 

“These various considerations will sufficiently show that the theory 
“of the telephone is very complicated, and that it is very difficult 
“exactly to define the part played by each of the agencies at work. 
“The numerous discussions on this subject arise from the fact that 
“the influence of each of these agencies has been exaggerated indi- 
“vidually, and at the expense of the others. The truth is that they 
“are simultaneous, and manifest themselves with a different degree 
“of intensity foreach particular case. In any case, it is quite certain 
“that molecular action, which is as yet so imperfectly known, plays 
“an important part in acoustic phenomena, and that the telephone, 
“like the phonograph, will give a new impetus to research in this 
“direction, by opening up for that branch of physical science a new 
“horizon as vast as it is unknown.” 


A. That passage is to be found in the book at the place mentioned 
in the question. 

© 73. Please examine the book entitled “A Text Book of the 
Principles of Physics, by Alfred Daniell, M. A., Lecturer on Physics in 
the School of Medicine, Edinburgh. London: Macmillan & Co., 1844;” 
and state whether it does not contain, on page 423, the following 


statement :— 


“When a compound sound is produced the basilar membrane is 
“set in motion in a number of limited regions at the same time, and 
“the effect is mingled in the brain. The nature of the compound sen- 
“sation by which we thus recognize the different qualities of sound, is 
‘a question which passes the bounds of physics. 

“The ear has a certain power of persisting in vibrations once set up 
“in it; but only ina small degree, and to an extent the greater the 
“lower the pitch of the note. If the sound C? be broken up by alter- 
“nate flashes of sound and silences of equal duration, when these 
“each number one hundred and thirty per second, the sound seems 
“continuous. Each pitch has its own duration of persistence; and 
“Mayer has pointed out (see Phil. Mag., 1876, vol. ii.) that ina mix- 
“ture of sounds, alternately admitted to the ear and shut off from it 
“by apertures in a rotating disc, some may be rendered evidently in- 
“termittent by the action of the disc, while others may appear contin- 
“uous, and that thus we have a new means of analyzing compound 
“ sounds,” 


. 


A. I have examined the book, and find that it contains the passage 
quoted in the question. 
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Counsel for complainant objects to all the publications in Dr. Sei- 
ler’s testimony which bear date after the date of the Bell patents, in so 
far as they make statements which relate to facts supposed to exist 
before those dates, or to any matters of fact which bear upon the 
questions at issue in this controversy, as not competent proof of such 
supposed facts. Many publications have been made recently in 
Europe by persons interested in breaking down the Bell patents in 
Europe, for the purpose of affecting public opinion—as, for instance, 
the publication of Sylvanus Thompson, and others. 

Counsel for defendants admits that the above objection is taken in 


due time. 


Adjourned to meet Friday, April 17, 1885,at 11 o’clock, A. M. 


The following was received by the Examiner after adjournment 


from the witness Dr. Charles M. Cresson :— 


A. Yes, sir; and for the following reasons :— 

/irst.—Because the patent sets out that method ap’one which will 
produce ttadulatory vibrations. , 

Second.— Because vocal sounds are producegMby vibrations of vary- 
ing frequency, \jth this difference, howevegfthat the vibrations which 
I produced were & a slower rate perg#€cond than would produce 
audible sounds. ? i 

I cannot perceive What differeng#of result other than rate of pulse 
will be produced by dipplgg thgflates twice in a second, or twenty 
times ina second. If thes@ggilses will produce an audible sound, as 
a musical note, by causing ghc& to dip fourteen to sixteen times ina 
second of time, it will be Wy mearfigof similar pulses from those formed 
at the rate of twice in gfsecond, thafjs, they will differ in no respect 
other than that of thf rate of productit m, and the ability by the in- 
creased rate of vibrafion per second to malt audible sounds. 

I conclude, thenff there be any similarity — the form of elec- 
trical current and the air vibrations due to thé use of undulatory 
currents as set fout in the patent, the particular ‘Pegm which I pro- 
duced would correspond to the air-vibrations necessar Pato make such 
musical notes as can be produced by the same number of igterrupted 
impulses. As every vocal sound consists of musical notes ofsdefinite 
pitch, or rather of combinations of them, the ability to produce 
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TESTIMONY TAKEN ON BEHALF OF DEFENDANT. 
Monpay, April 13, 1885. 


Met pursuant to notice at 11 o’clock A. M., at Dr. Charles M. 
Cresson’s office, 417 Walnut street, in the city of Philadelphia. 


Present: FURMAN SHEPPARD, Esq., Counsel for Respondents. 
EK, N. Dickerson, Esq., Counsel for Complainants. 


Dr. Charles M. Cresson, a witness produced on behalf of respond- 
ents, being duly affirmed, deposes and says as follows :— 

Q 1. What is your name, age, place of business, and profession ? 

A. Charles M. Cresson; I am in the fifty-eighth year of my age; 
by profession an analytical chemist and expert in physics, and have 
followed this profession during a period of over thirty-three years; 
my place of business is at No. 417 Walnut street, Philadelphia. 

Q 2. What experience have you had in the investigation of electri- 
cal devices, and what opportunities of gaining information in teleg- 
raphy and telephony? 

A. I have frequently been employed in the construction and exam- 
ination of various devices for electrical telegraphy and kindred pur- 
poses. My first knowledge of the electrical telegraph was acquired at 
the meetings of the Committee on Science and the Arts of the Frank- 
lin Institute, of which my father was for many years the chairman. 
An exhibition of the electrical telegraph was made before that com- 
mittee, at a meeting when I was present, by Professor Morse, in the 
year 1838, and it was followed in succeeding years by other tele- 
graphic exhibits, including the chemical and type telegraphs of Bain, 
House, and others. 

Models of these various sorts of telegraphs, and of other electrical 
devices (such as those of Professor Robert Hare and Professor Page 
and Joseph Saxton), were used as illustrations at the lectures at the 
Franklin Institute, at which lectures [ was an assistant, and took part 
in the preparation of the apparatus used in illustration, and in this 
way I became familiar with the practical manipulations required by 
each. 

During the years from 1857 until 1876 I had occasion to repeat 
many of the experiments described by Professor Michael Faraday in 
his. work entitled ‘ Experimental Researches in Electricity.” I refer 
chiefly to those upon the induction of electrical currents by magnets, 
and [ have had built and used apparatus similar to that described by 
Faraday as used by him. I was present at the United States Centen- 
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nial Exhibition when the various telegraphs and telephone devices 
were exhibited to the Emperor of Brazil, and among other devices 


_saw those of Gray and Bell. 


During the last three years, I have devoted considerable time to the 
construction and examination of telephone apparatus, including that 
known commercially as the Bell Telephone. 

I am familiar with and have experin naiees with the Reis device and 
many modern telephone instruments, and have made investigations to 
determine the nature and behavior of the electrical currents which 
are employed in the transmission of conversation through conductors 
of sound. 

O 3. Please state such of t 
its production and propagation, as in your opinion have a bearing on 


1 


the theory or on the practice of telephony? 


A. To give a better understanding of the action of the air in 
relation to sounding bodies, and of the requirements in a device for 
taking up and transmitting vibrations caused in air by articulate speech, 
it will be necessary to advert to certain natural laws,and to explain the 
method by which articulate speech is produced. Much of the follow- 
ing material is quoted from standard authors on the subject. 

Sound is invariably associated with agitation of the conveying 
medium; it is impossible to produce a sound without at the same time 
setting the medium in motion. 

The motion of a material medium constitutes the mechanical im- 
pulse which falling on the ear excites within it the sensation we call 
sound. The rate at which sound travels varies greatly with the 
medium through which it travels. 

The rate at which sound travels through the air is the same, 
whether the sound be feeble or strong, and whether the pitch be high 
or low. The velocity of sound in air is about eleven hundred and 
twenty feet per second. In a steel wire sound travels at the rate of 
about seventeen thousand feet in a second. 

The medium through which sound passes does not share in a 
motion of translation ; but all solid conductors remain at rest during 
the passage of sound,a slight yielding of their separate parts being 
all that their constitution generally admits of; and in fluids or in the 
air, with wave natiniinitiinaa continuous forward motion is equally 
out of the question. 

The apparent movement of the particles composing the sound-con- 
veying medium is very different from its actual motion. A cork 


floating upon the surface of water which is agitated into waves does 
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not advance with the motion of the waves, but rides over their crests 
and sinks into their troughs, as if it were secured in position by an 
anchor. Each particle of the conducting body then describes a fixed 
orbit of its own of very limited dimensions, a fixed oval or circular 
path in a vertical plane. 

The propagation of all sound is therefore effected by successive for- 
ward and backward movements of the particles of the conductor, with- 
out any material change of place, and when the wave of sound has 
passed, there is a resumption of their original position. 

Sound propagation, then, is the effect of alternate states of approxi- 
mation and separation of the minute particles, which are called con- 
densations and rarefactions, and which travel along the conducting 
body. When the pulse of condensation is traversing the conductor, 
parts of it will be more dense, and when a pulse of rarefaction is 
traversing it less dense, than they would be were the conductor trans- 
mitting no waves at all, and its separate particles were therefore abso- 
lutely at rest. The phenomena just described are exactly those which 
accompany the passage of a sound from one end of a column of air 
enclosed in a tube of uniform bore, and they can be produced 
momentarily by a single blow upon a block fitted closely in one end 
of the tube, or continuously by holding a vibrating tuning-fork close 
to the orifice of the tube. Air simply passing through a tube, or 
from place to place, causes no sound, but sounds that may accompany 
the motion of air are produced by the vibration of bodies with which 
it may be forcibly brought into contact. 

The human voice in conversation is perpetually varying in force 
and in pitch, even in the pronunciation of a single sound or syllable. 
It has an unsteady sound. 

To increase the loudness of a tone it is necessary to increase the 
amount of air set in vibration, and this can be done by increasing the 
distance traversed by the agitating body; but at the same time the 
period occupied in each vibration must remain the same. To increase 
the pitch of a tone it is necessary to increase the number of vibrations 
of the agitating body, that is, the vibrations must each be made in a 
shorter period of time. 

Variations in loudness and in pitch are entirely independent of each 
other, and they can Fe combined in any desirable way. 

The loudness depends solely on the extent of movement of the 
particles producing the sound, whilst the pitch depends solely on the 
number of movements made in a given period of time. 

The sound produced by every vibrating body is made up to a 
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greater or lesser degree of composite sounds, and is an assemblage 
of tones, and for each series of similar vibrations they are members of 
a regular series forming with each other fixed intervals, and it is from 
this association of sounds, either by themselves or in conjunction 
with those produced by other vibrating bodies, that their quality or 
“timbre” results. By intervals we mean the relative distances by 
which the tones are separated from each other, distances which are 
indicated by the differences in the number of vibrations which pro- 
duced the individual tones. The association of composite sounds is 
called a “clang.” 

The quality of a clang depends on the number, orders, and relative 
intensities of the partial tones by, which it is composed. The tones 
and intensities of the individual tones of the same clang may be 
modified by associating with them secondary vibrations, produced by 
causing them to be sounded in pipes and cavities of varying forms 
and dimensions. 

These are the chief facts that have to be borne in mind when treat- 
ing of the transference of vibrations of the air. The application of 
this knowledge in the production of and transference of the sounds 
employed in articulate speech requires a consideration of the organs 
of speech. 

The apparatus of the human voice consists essentially of vibrating 
chords, associated with resonant cavities. “The vocal chords are 
“elastic bands situated at the top of the windpipe, and separated by a 
“narrow slit, which opens and closes again with great exactness, as air 
“is forced through it from the lungs. The form and width of the slit 
“allow of being quickly and extensively modified by the changing ten- 
“sion of the vocal chords, and thus sounds widely differing from each 
“other in pitch, may be successively produced with surprising rapidity. 
“In this respect the human ‘reed’ far exceeds any that we can artifi- 
“cially construct.” The size and shape of the cavity of the mouth 
may be altered by opening and closing the jaws, raising or dropping 
the tongue, and tightening or loosening the lips. 

‘Hence, when the vocal chords have originated a reed sound con- 
‘taining numerous well-developed partial tones, the mouth cavity, by 
“throwing itself into different postures, can form, by its resonance, 
“first one partial tone and then another; at one momeht this group of 
“partial tones, at another that. In this manner endless varieties of quali- 
“ty are rendered possible.” Wecan detect in the lower tones of a base 

vpice shrill overtones covering four octaves above the fundamental 
notes, and producing an effect upon the ear of a single musical sound. 
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Authorities upon sounds state that “While no two sounds of 
“ different quality can correspond to the same mode of vibration, an 
“indefinitely large number of modes of vibration may give rise to a 
“sound of only one degree of quality. In other words, mode of 
“vibration determines quality, but quality does not determine mode 
“of vibration.” 

The art of speaking consists of putting into action the various 
movements of the mouth, so as to convert the vocal tones into words. 
This is effected by the aid of the lips, teeth, and tongue. The vowel 
sounds are formed by opening the mouth a certain distance, and 
breathing so as to cause the vocal chords to vibrate. Consonants are 
noises, or mixed clangs, and are formed very differently from the 
vowels; in their formation the breath first strikes upon the teeth, lips, 
or tongue, being held and suddenly exploded, as it were, upon the 
teeth, lips, or tongue, as the case may be, and followed by the vowel 
breathing. For example, in the word “Tea,” the breath is held and 
forcibly expelled against the tongue and teeth, and exploded upon 
the vowel sound “e.”’ Inthe word “ Eat,’ the reverse movement takes 
place, the breathed vowel preceding the explosion which forms the 
“t,” the ejection of breath following it giving the sound of the vowel 
“e.” The most natural sound that is produced is “Ah,” which sound is 
formed by partly opening the mouth, and forcibly expelling the 
breath. When this action is preceded by an explosive expulsion of 
air in which the tongue and teeth are concerned, as the means of 
holding the breath, the syllable “ Ta” (tah) is produced, and if preceded 
by an explosive expulsion caused by a compression and sudden 
release of the lips, “Ma” (mah) or “ Pa” (pah) are also produced. 

The vowel sounds may be regarded as simple musical notes, pro- 
duced by smooth emission of the breath, causing the vibration of the 
vocal chords, modified by the cavities of the mouth, but having little 
variation in the force or volume of the sound; whilst the consonants 
are formed by sounds having sudden projectile force, with entire or 
partial stoppage of the breath current, and with changes of tone. The 
percussive initiative sounds of several letters are hardly distinguish- 
able one from the other, such as: Band P; M and N; D, T, and C; 
Sand Z; Vand F. 

Articulate speech is not a continuous sound, but is a succession of 
sounds, entirely separated from each other by greater or lesser inter- 
vals, so that each articu‘ation, forming part of a syllable, or separate 
articulate sound, endures a definite time. Faber’s speaking machine 
made good articulate speech by means of mechanical devices that 
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operated at considerable intervals of time, producing a series of inter- 
rupted vibrations, or groups of vibrations separated by entire absence 
of vibration, or, in other words, by silence. It is evident, therefore, 
that a body capable of taking up and reproducing the sounds which 
form articulate speech, must be one in which there can be produced 
rapid changes in the speed of the vibrations as well as in their force. 

© 4. Referring to the Bell patent of 1876, No. 174,465, please state 
what you understand to be the nature and scope of said patent, and 
the substantial features of the contents thereof. 

A. This patent is for an improvement in telegraphy. The speci- 
fication says that the invention consists in the employment of 

(A.) A vibratory or undulatory current of electricity in contradis- 
tinction to a merely intermittent or pulsatory current, and 

(B.) Of a method of and apparatus for producing electrical undula-_ 
tions upon the line wire. 

(C.) The characteristics of the undulatory current are set out as 
the result obtained from gradual changes of intensity, and as exactly 
analogous to the changes in the density of the air occasioned by 


simple pendulous vibrations. 
(D.) The distinction between the undulatory and a pulsatory cur- 


rent is explained, and the pulsatory current is described as the result 
of sudden and instantaneous changes of intensity. 

(E.) The advantages claimed as derived from the use of an undu- 
latory current are :— 

1. A very much larger number of signals can be transmitted 
simultaneously on the same circuit. 

2. A closed circuit and a single main battery may be used. 

3. Communication in both directions is established without the 
necessity for special induction coils. 

4. Cable dispatches may be transmitted more rapidly than by 
means of an intermittent current, or by means at present in use, for 
as it is unnecessary to discharge the cable before a new signal can 
be made, the lagging of the cable signals is prevented. 

5. As the circuit is never broken, a spark-arrester becomes un- 
necessary. 

(F.) When a permanent magnet is caused to vibrate in front of 
the pole of an electro-magnet, an undulatory current of electricity is 
induced in the coils of the electro-magnet, the undulations of which 
correspond in rapidity of succession to the vibrations of the magnets, 
in polarity to the direction of the motion, and in intensity to the am- 
plitude of its vibration. 
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(G.) When many transmitting instruments of different rates of vibra- 
tion are simultaneously making and breaking the same circuit, the 
current upon the main line becomes for all practical purposes con- 
tinuous. 

(H.) Electrical undulations, induced by the vibration of a body 
capable of inductive action, can be represented graphically without 
error, by the same sinusoidal curve, which expresses the vibration of 
the inducing body itself, and the effect of its vibration upon the air. 

(I.) The co-existence upon a telegraphic circuit of electrical vibra- 
tions of different pitch is manifested, not by the obliteration of the 
vibratory character of the current, but by peculiarities in the shapes 
of the electrical undulations. 

(J.) There are many ways of producing undulatory currents of elec- 
tricity, dependent for effect upon the vibrations or motions of bodies 
capable of inductive action. 

(K.) When a wire through which a continuous current of electricity 
is passing, is caused to vibrate in the neighborhood of another wire, 
an undulatory current of electricity is induced in the latter. 

(L.) When a cylinder upon which are arranged bar magnets is 
made to rotate in front of the pole of an electro-magnet, an undula- 
tory current of electricity is induced in the coils of the electro- 
magnet. | 

(M.) Undulations are caused in a continuous voltaic current, by the 
vibrations or motion of bodies capable of inductive action, or by 
the vibration of the conducting wire itself in the neighborhood of 
such bodies. 

(N.) Electrical undulations may also be caused by alternately in- 
creasing and diminishing the resistance of the circuit, 

(O.) or by alternately increasing and diminishing the power of the 
battery. The internal-resistance of the battery is diminished by 
bringing the voltaic elements nearer together, and increased by plac- 
ing them farther apart. The reciprocal vibrations of the elements of 
a battery, therefore, occasion an undulatory action in the voltaic 
current. 

(P.) The external resistance may also be varied. For instance, 
when mercury or some other liquid forms part of a voltaic circuit 
then the more deeply the conducting wire is immersed in the mercury 
or other liquid, the less resistance does the liquid offer to the passage 
of the current. Hence the vibration of the conducting wire in mer- 
cury or other liquid included in the circuit, occasions undulations in 
the current. 
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(Q.) The vertical vibrations of the elements of a battery in the 
liquid in which they are immersed, produce an undulatory action in 
the current, by alternately increasing and diminishing the power of 
the battery. 

(R.) One form of apparatus for producing electrical undulations con- 
sists of an electro-magnet having a coil upon one of its legs. A steel 
spring armature is firmly clamped by one extremity to the uncovered 
leg of the magnet, and its free end is allowed to project above the 
pole of the covered leg. 

(S.) The armature (spring) can be set in vibration in a variety of 
ways, one of which is by wind, and in vibrating it produces a musical 
note of a certain definite pitch. 

(T.) So long as the armature remains at rest no effect is produced 


upon the voltaic current, but the moment it is set in vibration to pro- 


duce its musical note, electrical undulations traverse the circuit. The 
vibratory current passing through the coils of the other magnets upon 
the line causes vibration in the armatures of those only which are 
tuned in unison with that one which causes the undulations; all of 
the others remain silent. 

(U.) The duration of the sound may be used to indicate the dot or 
dash of the Morse alphabet, and thus a telegraphic dispatch may be 
indicated by alternately interrupting and renewing the sound. 

(V.) The device may also be used for the telegraphic transmission of 
noises or sounds of any kind. 

(W.) One of the ways in which the armature “c,” Fig. 5, may be set 
in vibration has been stated above to be by wind. 

(X.) Another mode is shown in Fig. 7, whereby motion can be im- 
parted to the armature by the human voice or by means of a musical 
instrument. 

(Y.) The armature in Fig. 7 is fastened loosely by one extremity to 
the uncovered leg of the electro-magnet, and its other extremity is 
attached to the centre of a stretched membrane. When a sound is 
uttered, the membrane is set in vibration, the armature is forced to 
partake of the motion, and thus electrical undulations are created 
{upon the line circuit). 

CLAIMS. 

1. A system of telegraphy in which the receiver is set in vibration 
by the employment of undulatory currents of electricity. 

2. The combination of a permanent magnet or other body capable 
of inductive action, with a closed circuit, so that the vibrations of the 
one shall occasion electrical undulations in the other or in itself. 
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3. The method of producing undulations in a continuous voltaic 
current by the vibration or motion of bodies capable of inductive ac- 
tion, or by the vibration or motion of the conducting wire itself in the 
neighborhood of such bodies. | 

4. The method of producing undulations in a continuous voltaic 
circuit by gradually increasing and diminishing the resistance of the 
circuit, or by gradually increasing and diminishing the power of the 
battery. 

5. The method of and apparatus for transmitting vocal or other 
sounds telegraphically, by causing electrical undulations similar in 
form to the vibrations of the air accompanying the said vocal sounds. 

© 5. What manner of currents are mentioned in said patent, and 
how are said currents spoken of in said patent as being generated, or 
modified ? 

A. This patent of 1876 specifies the invention to consist in the 
employment of a vibratory or undulatory current of electricity and of 
a method of and apparatus for producing electrical undulations on a 
line wire which is to be used for the transmission of telegraph signals. 
The peculiar current set out is described as one that is continuous, 
never to be broken, and capable of increase in force and capable of 
being set into vibrations at various rates. The modifications in the 
force or intensity of the current are to be gradual and not to be made 
suddenly or instantaneously. 

A constant battery 1s to be continuously in operation through the 
devices and connecting wires, and changes in the intensity of the line 
current are to be caused by the periodical introduction into the line 
of other currents produced by magneto-induction, the resulting cur- 
rent acting magnetically upon devices which in turn produce air 
vibrations, yielding sounds similar to those produced by the exciting 
cause. The passage of the electrical current produces no sound or 
evidence of its presence whatever until the magneto-currents are gen- 
erated by the devices provided for the purpose. 

The devices are shown and described by means of which the 
magneto currents are created, one of which is described above in par- 
agraph “ R” and the other in paragraph “ Y 

That one described in paragraph “R” has upon it a steel spring 


) 


which must be set in vibration by the application of force, or, as the 
specification states, by wind, that is, I suppose, by blowing upon ita 
current of air. The vibrattons of this spring produce a musical note 
which gradually becomes less forcible and finally fades away as the 
spring comes to rest. 
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Other springs tuned in unison with the vibrating spring (but no 
others) are set in vibration by the changes in the course of the current 
and continue sounding as long as the mechanical vibration of the first 
spring is continued, yielding a similar musical note which fades away 
to silence as does that of the spring employed to generate the first 
magneto current. It is stated that the ‘‘ duration of the sound may 
“be used to indicate the dot or dash of the Morse alphabet, and thus 
“a telegraphic dispatch may be indicated by alternately interrupting 
“and renewing the sound.” 

There is no device shown in the drawings nor any method de- 
scribed or specified by which the sound can be interrupted, nor any 
method of starting the vibrating spring except by wind, and it is very 
evident that some peculiar device is rendered necessary to quickly 
start and stop the vibrating springs in order to enable the apparatus 
to be used for indicating the Morse alphabet or any other signals 
suitable for telegraphy. 

In all of the devices that I am familiar with, a key is employed, but 
such a device would destroy the peculiar advantage set forth in the 
specification and stated in two of the claims, and with the devices ar- 
ranged as they are in the drawing, a break in the continuity of the 
circuit would cause the battery current to cease and all of the devices 
would be disabled and useless. 

I am at a loss to account for this omission, and cannot see that the 
fault can be remedied without further invention. This apparatus is 
therefore practically useless for telegraphy, and it is needless therefore 
to consider the effects of augmentation and diminution of the current 
of the line battery by means of the various devices referred toas suited 
for that purpose. 

The spring upon the magnet can yield but one musical note, and, 
notwithstanding the provision of giving changes for loudness, can 
never be used to transmit articulate speech, because to do that re- 
quires an ability to give musical notes covering several octaves. 

This apparatus is therefore inherently unfit for telephonic purposes 
in the transmission of articulate speech, as the production of a spe- 
cific form of vibration, which cannot be produced by it, is necessary 
for that purpose. 

Another device, shown in the drawing as Fig. 7, and described in 
the specification, and referred to above in paragraph “ Y,” is of en- 
tirely different character. In place of a metallic spring as a means of 
setting up vibratory movements, drum-heads of membrane are substi- 
tuted, to which are firmly attached movable armatures to the magnets. 
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As the drum-head is caused to vibrate by the air impinging upon 
it, the keeper is caused to approach and recede from the magnet core, 
and thus generate magneto currents in addition to the constant cur- 
rent of the battery upon the line wire. 

This apparatus is also to be used with the continuous current from 
a line battery, which current is never to be broken. 

Variations in the strength of the current are in this way produced, 
which act upon the magnet at the receiving end of the apparatus, and 
cause it to attract its keeper with greater or less force, and thereby 
communicate motion to the drum-head to which it is attached, and in 
this way vibrations of the drum-head at the sending instrument pro- 
duce vibrations at the receiving end of corresponding periods. 

I have had the device Fig. 7 constructed in accordance with the 
drawing to a scale of three times larger, carefully measuring the 
drawing and preserving the proportions there shown. 

I have not been able to transmit articulate speech by means of it, 
although it was tried with various changes of battery power. The 
source of the failure appears to me to be that the membrane has not 
sufficient power to rapidly overcome the inertia of the heavy keeper 
on the magnet, and which is attached to its centre. When we con- 
sider that vibrations to the number of one thousand per second are 
necessary to produce the musical notes which form the upper tones of 
some parts of articulate speech, and that this number may be pre- 
ceded or followed suddenly by vibrations of less than one hundred to 
the second, it is easy to see why the feeble mechanical force of the 
small drum-head is unable to overcome the inertia and momentum of 
the keeper, which is many times its weight. If the weight of the 
keeper is reduced to a minimum, and the drum-head should be in- 
creased by the use of stout material, much more favorable conditions 
would exist, and, possibly, words could be transmitted, but tmper- 
fectly and unsatisfactorily. 

An illustration of the changes in ability to move the armature 
which would come from such modifications can be found in the differ- 
ent ease of manipulation which comes from the use of a light hammer 
in driving a nail, for instance, and the use of a very heavy hammer 
for the same work, using the same length of stroke for the blow in 
each case. The impossibility of making the same rapid motions by 
each tool in equal times is a sufficient illustration and argument to 
explain why the Fig. 7 of this patent is unable to take up or give out 
vibratory impressions at the rapid rate necessary for the reception and 
reproduction of articulate speech. 


re 
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It must not be forgotten that the motions of the receiving dia- 
phragm are not nearly so great nor so forcible as those of the trans- 
mitter. This depreciation in effect comes chiefly from the defects of 
the mechanical contrivances. | 

The history of telephony shows that instruments of this character 
have never come into practical use for any purposes whatever; and 
there is no record that I have seen that they have _ successfully 
transmitted connected articulate speech. | 

If this device was of proper mechanical construction there is no 
doubt but that to some degree the transmission of articulate speech 
could be effected, but very imperfectly at best; in this case not only 
changes of tone (pitch) but those of force (amplitude) would be effected. 
, > The suggestion that articulate speech could be transmitted by any 
of the devices of this patent does not appear in the specification or 
claims, but it is stated that in Fig. 7 motion can be imparted by the 
human voice, or by means of a musical instrument; this association of 
a musical instrument with the human voice, together with the fact 
that no means for starting or stopping the vibratory action of the 
reeds are shown or suggested, and the tact that the production of 
musical notes, singly or in combination, is alone referred to, leads me 
to the conclusion that the inventor did not intend the apparatus to be 
. used for any other purpose, and the preamble of the patent No. 


rm 


’ 186,787, of 1877, confirms me in this opinion, because it sets out that 
in this patent, as well as that of 1875, “A separate instrument is there- 
“fore employed for every pitch.” 

I conclude, therefore, that this device cannot be included among 
those that are useful, except perhaps for the transmission of single 
tones; nor does it appear to have in any way ever been used so as to 
approach in its results the performances of the Reis ‘ telephone,” 
which has so often been referred to in the discussion of sounds, 
musical tones, and articulate speech. 

© 6. Please refer to the Bell patent of 1877, No. 186,787, and state 
what you understand to be the nature and scope thereof and the gen- 
eral features of its contents. 

A. This patent is for an improvement in telegraphy. The pa- 
tentee says his invention has for its object, ’ 

(AA.) First, the transmission, simultaneously, of two or more mu- 
sical notes or telegraphic signals along a single wire in either or both 
directions and with a single battery, without the use of as many in- 

& struments as there are musical notes or telegraphic signals to be 
transmitted. 
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(BB.) Second, the electrical transmission, by the same means, of 
articulate speech and sound of every kind, whether musical or not. 

(CC.) Third, the electrical transmission of musical tones, articulate 
speech, or sounds of every kind, without the necessity of using a 
voltaic battery. 

(DD.) For the membrane and armature shown in the transmitting 
and receiving instruments of the patent of 1876, is substituted a plate 
of iron or steel, capable of being thrown into vibration by sounds 
made in its neighborhood. 

(EE.) The plate of iron or steel is fastened at its edges to the 
sounding-box, and a speaking-tube enters the side of the box next to 
the plate at its centre. A soft-iron core is surrounded by a coil of 
insulated wire placed near to one end of the core, and an adjusting 
screw is connected to the core carrier, whereby the distance of the end 
of the core from the plate of iron may be regulated. 

The coil of insulated wire is connected in a line circuit with a 
battery upon it. | 

(FF.) This instrument may be used both as a transmitter and as a 
receiver. , 

(GG.) Another form of telephone for use without a battery is shown 
in Fig. 5,a compound permanent magnet, to the poles of which are 
affixed poll-pieces of soft iron surrounded by helices of insulated 
wire. 

(HH.) In lieu of the iron plates, iron or steel reeds of definite pitch 
may be placed in front of the electro-magnets and the battery omitted 
in the line circuit. 

(II.) The essential feature of the invention consists in the armature 
of the receiving instrument being vibrated by the varying attraction 
of the electro-magnets, so as to vibrate the air in the vicinity thereof 
in the same manner as the air is vibrated at the other end by the pro- 
duction of the sound. 

(JJ.) Any instrument receiving and transmitting the impression of 
agitated air may be used as a transmitter. 

(KK.) It is important that the distance of the magnet from the 
plate should be as little as possible, without however being in contact. 

(LL.) The electrical undulations produced upon the main line by 
the vibrations of the plate are intensified by placing the coil at the 
end of the bar nearest the plate, and not extended beyond the middle 
or thereabouts. 

CLAIMS. 
1. The union upon, and by means of, an electric circuit, of two or 
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more instruments, so that, if motion of any kind or form be produced 
in any way in the armature of any one of the said instruments, the 
armatures of all the other instruments upon the same circuit will 
be moved in like manner and form, and if such motion be pro- 
duced by sound, like sounds would be produced by the motion of the 
latter. 

2. In a system of connected transmitting and receiving instruments 
upon an electric circuit, the production in the armature of each re- 
ceiving instrument, of any given motion, by subjecting the said arma- 
ture to an attraction varying in intensity. 

The production of any given sound or sounds from the armature of 
the receiving instrument, by subjecting the said armature to an at- 
traction varying in intensity, in such manner as to throw the armature 
into that form of vibration that characterizes the given sound or 
sounds. 

3. The combination with an electro-magnet of a plate of iron or steel 
or other material capable of inductive action, which can be thrown into 
vibration by the movement of surrounding air or by the attraction of 
a magnet. 

4. In combination with the plate and electro-magnet, the means 
herein described, or their mechanical equivalents, of adjusting the 
relative position of the two, so that they may be set together as 
closely as possible. 

5. The formation, in an electric telephone such as is herein shown 
and described, of a magnet with a coil upon the end or ends of the 
magnet nearest the plate. 

6. The combination, with an electric telephone such as described, of 
a sounding-box. 

7. In combination with an electric telephone, the employment of 
the speaking or hearing tube for conveying sounds to or from the 
telephone. 

8. In a system of electric telephony, the combination of a perma- 
nent magnet with a plate of iron or steel or other material capable of 
inductive action, with coils upon the end or ends of said magnet 
nearest the plate. 

© 7. What do you understand to be the general sense of this 
patent and the general character of the devices contained in it, as 
compared with the patent and the devices of 1876? 

A. In the specification of this patent is a statement that the 
former patents to: Mr. Bell, No. 161,739, of 1875, and No. 174,465, 
of 1876, respectively, set out a method and apparatus for the pro- 
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duction of musical tones by the action of a rapidly interrupted elec- 
trical current, and for the production of musical tones by the action of 
undulatory currents, and that a single battery may be used for the 
whole circuit. 
In the apparatus referred to in both of the former patents, a separate 
instrument is employed for every pitch, each instrument being capable 
of transmitting or receiving but a single note, and thus as many separate 
instruments are required as there are messages or musical notes to be 
transmitted. 
The invention described in this patent is included in the specifica- 
tion under three heads, the first of which refers to the transmission 
simultaneously of several individual musical notes or sounds through : 
a single wire and with a single battery, without the use of as many 
instruments as there are musical notes to be transmitted. This clause 
introduces a single device which is intended to transmit more than 
one musical note at the same time, and the specification says: “ In ac- 
“cordance with my present invention I substitute for the membrane 
“and armature shown inthe transmitting and receiving instruments’ — 
“A plate of iron or steel capable of being thrown into vibration by 
“sounds made in its neighborhood.” 
In other words, this change in the device No. 7 of the patent of 
1876 is the substitution of a plate of iron or steel for a membrane. © 
The functions of the membrane were to receive and transmit mechan- 
ically, air vibrations thrown against it. The plate which is substituted 
is (as the specification indicates) to be ‘‘ capable of being thrown into 
“vibration by sounds made in its neighborhood.” That is, to perform 
a similar function as did the thing for which it was substituted. 
Examination of the drawing and description, however, shows that 
this “substitute” also performs other functions foreign to the element 
for which it was substituted. 
This plate takes the place of the membrane, armature, and con- 
necting link combined, and it also performs functions which are - 
entirely foreign to the original device and which had no existence in 
that invention or device, to wit, the substituted plate acts as a receiv- R 
‘sounding-board,”’ which in itself includes a vibration damper 


ing ‘ 
wherein vibrations cease as soon as the inciting causes cease, whereby 
sudden changes in vibratory conditions can be made, which enable a 
rapid succession of otherwise incompatible vibrations to be received and 
communicated. This property of receiving, damping, and again quickly 
receiving vibrations, is not possessed by the spring armatures of the 
devices of the 1876 patent, nor by the combined membranous dia- 
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phragms and armatures of the device shown in the drawing as No. 7 
of the patent of 1876. 

In other words, the element substituted in the patent of 1877 as an 
improvement upon the patent of 1876 is not an equivalent, but pos- 
sesses another and peculiar and specific attribute not found in the 
original device or combination of devices which it replaces. 

The second head set out as to the object of the new invention 
relates to “the electrical transmission by the same means of articulate 
“speech and sound of every kind, whether musical or not.” 

The power which the device of this patent possesses of transmitting 
articulate speech depends upon and is acquired solely by the sub- 
stitution of the iron or steel plate referred to in place of the mem- 
brane and loose armature, and especially and alone upon that 
additional property which I have stated did not exist in the device 
or devices for which it was substituted as an improvement. 

The third head set out as to the objects of the new invention 
relates to the “electrical transmission of musical tones, articulate 
“speech, or sounds of every kind, without the necessity of a voltaic 
“ battery.” 

In this method of operation, the new property or qualification in- 
troduced by the substitution of the plate 1s of prime importance so 
far as articulate speech is concerned. The extreme feebleness of the 
results obtained in this way of working without any aid from the 
voltaic battery current, has prevented the useful application of the 
devices for the ordinary purposes 1n which it is desirable to transmit 
articulate speech. 

In fact, this modified instrument is not now used at all as a trans- 
mitting device, but it is used at the receiving end of telephone lines 
for the purpose of converting the electrical impulses into sound, but 
not in the manner set out in the patent. 

In addition to the substitution of an iron plate for the membrane of 
the device of Fig. 7, a closed box has been substituted for the cone, 
and of such dimensions that the magnet and coil and plate are all 
contained within it, and the magnet is provided with an adjusting 
screw by which its distance from the plate can be regulated at will. 
This adjusting screw and its adjuncts are similar to those em- 
ployed in the older dial telegraph boxes of 1858 to 1885, and used 
for adjusting the distance of the magnet from its keeper, and it 
is used also upon many relay magnets working upon ordinary tele- 
graph lines. 

A speaking (and listening) tube is fitted to the side of the box by 
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means of which the sounds to be transmitted are caused to impinge 
upon the centre of the iron plate. | 

This speaking-tube resembles that employed by Reis in 1865, with 
this difference, however, that in the Reis device the sounds are 
directed into the body of the box and then deflected upon the dia- 
phragm of the transmitter. 

Another form of telephone for use without a battery is shown, in 
which a compound magnet, to the poles of which are affixed poll- 
pieces of soft iron surrounded by helices of insulated wire, replace 
the single bar magnet in the telephone box. 

This magnet with its keeper is practically a copy of the Hughes 
polarized relay, which is thus described in the work entitled “ The 
“Electric Telegraph, by Robert Sabine, London, 1867,” p. 61. “ It 
“consists of a permanent horseshoe magnet, with soft-iron cylindrical 
“ continuations in the poles.” 

These continuations are each encircled by a coil of wire, the arma- 
ture is attracted to the poles by the magnetism distributed in the iron. 
This force is opposed by the adjusting spring, which is so regulated 
that, the armature being in contact, a very weak current is able to 
neutralize the attraction. This magnet is used to receive electrical im- 
pulses from a distant station, and by its action regulate the movements 
of a printing device. When connected to a telephone line as a receiv- 
er, it renders articulate speech spoken into the transmitter equally as 
well as the ordinary Bell receiver. By a comparison of the descrip- 
tion of the Hughes relay just quoted with the description of the com- 
pound permanent magnet given upon page 2 of the Bell patent of 1877, 
and with the drawing attached to the patent, the identity of the essen- 
tial parts of the two devices cannot escape notice. ‘‘ The essential 
“feature of the invention” of Bell is quoted in the paragraph above, 
“TI,” and it is found in the Hughes relay of 1867 as well as in the Bell 
device of 1877. 

In the Reis receiver No. 2, which consists of an electro-magnet 
resting upon a sounding-board, the surrounding coils of which are 
connected with the metallic circuit leading from the transmitting de- 
vice, there stands opposite and near to the ends ofthe magnet cores an 
armature or plate of iron, which performs to a degree the same func- 
tions as does the iron plate of the device of the Bell patent of 1877. 

In Kuhn’s Handbook of Applied Electricity, 1865, pages 1017- 
1021, the following statement is found: “In respect to the operations 
“of this apparatus, the author remarks that the receiver does pro- 
“duce the exact number of the original vibrations, but that a repro- 
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“duction of the original intensity had not yet been attained. For 
“that reason, it is added, small differences in the vibrations are appre- 
“ciated with difficulty, and in the practical experiments made thus far it 
“ was possible to transmit with astonishing faithfulness chords, airs, &c., 
“whilst in reading, speaking, &c., single words were more indistinctly 
“heard.” 

The facts set out in this paragraph also show that the Reis receiver 
No. 2 possessed, to a degree at least, the “ essential features of the in- 
“vention” of Bell’s patent of 1877. 

In the work entitled “ Electricity and Magnetism,” by Fleeming 
Jenkin, London, 1880, and upon pages 375, 376, and 377 are the fol- 
lowing statements in reference to the Bell magneto-transmitter and 
receiver, and their relative movements: ‘The movements will be 
‘proportional to one another, but very far from equal; that of the 
“sending disc will be immensely greater than that of the receiving 
* dec.” 

“Tt has been discovered that instead of a thin ferrotype disc of iron 
“a thick plate might be used.” “A far more singular fact has been 
‘discovered by many observers, namely, that non-magnetic and even 
“non-conducting substances might be used instead of aferrotype disc 
“in the receiving instrument: and lastly, that the receiving instrument 
“will work, though very feebly, with no disc whatever.” “In this case 
“it seems clear that the Page effect, as it may be called, z. ¢., the noise 
‘made by the magnet itself as its particles re-arrange themselves with 
“each change of stress, is the source of the sound heard.” 

The receiver (No. 1) of Reis, which consists essentially of a thick 
iron needle wound over with a spiral of insulated wire (the whole be- 
ing supported upon a resonator), contains the same essential parts as 
does the Bell receiver described in the patent of 1877, excepting only 
the iron disc, or armature; and if the statements just quoted from 
Fleeming Jenkin’s book are correct, the parts of the Reis receiver 
performed precisely the same functions as do the similar parts of the 
Bell device. 

The method of placing the coil at the end of the magnet bar is re- 
ferred to in the “ Proceedings of a Monthly Meeting of the Franklin 
“Tnstitute, held at Philadelphia, November 2!Ist, 1861,” and printed 
in the Journal of the Institute, volume 42, p. 420. 

It is there stated that it was constructed by Dr. Van der Weyde, of 
New York. The record contains the following comment: ‘ This ar- 
“rangement (which I find to have been already made in France some 
“four years ago) has two defects :— 
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“1. That the whole magnetic power of the steel is not taken ad- 
“vantage of, by winding alone the extremities.” 

The device referred to was constructed for the purpose of com- 
paring the results obtained with other magnets differently wound, to 
determine how “to arrange a given quantity of steel, so as to obtain 
“the strongest permanent magnetism, and to arrange a given quantity 
“of insulated copper wire, so as to obtain, by that magnetism put in 
“motion, the greatest amount of electricity.” The result obtained by 
this arrangement of the coil does not coincide with that specified in 
Bell’s patent of 1877. 

The device is especially referred to in the fifth claim, and forms a 
part of the subject-matter of the eighth claim. 

The subject of the first claim is so broadly stated, that it appears to 
me to cover all ordinary relay instruments in use on telegraph lines, 
as well as the devices for producing musical notes specified and 
claimed in the patents of 1875, and the first device shown in the patent 
of 1876. For in each case, if motion of any kind or form be pro- 
duced in the armature of one of two instruments upon the same cir- 
cuit, the armature of the other will be moved in like manner. It is 
true that the design of the devices of the patents of 1875, and the first 
device of that of 1876, is that but two instruments shall be tuned in 
unison, but it is likewise a fact that if it is so desired, many instruments 
upon the same line may be made to vibrate in unison with or in re- 
sponse to one instrument which initiates the vibratory movements. 
Any number of instruments can all be tuned in unison, and will to 
that greater degree conform to the operations described in the claim 
of the earlier patents. 

The subject-matter of the second claim seems in like manner to be 
anticipated in the device of the patent of 1876; the object of the first 
device of that patent being to produce attractions varying in intensity. 

Similar comment is applicable to the subject-matter of the third 
claim, as the inductive effect of the spring plate of iron or steel of the 
first device of the patent of 1876 is very exactly described in this 
claim. 

The device described in the fourth claim has already been referred 
to as a usual method of adjusting the relative positions of a magnet 
and its armature, and the device was introduced by me into dial tele- 
graph instruments before the year 1859. 

The subject-matter of the eighth claim was fairly described in an 
article upon “An Application of Magneto-Electricity by Sir Charles 
“Wheatstone,” printed in the TZéelegraphic Journal and Etectrical 
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Review, London, November, 1872—November, 1873, vol. 1, and on 
p. 4. It is true that the device is not applied to telephonic purposes, 
but it exhibits the “combination of a permanent magnet with a 
“plate of iron or steel, or other material capable of inductive action, 
“with coils upon the ends of the magnet nearest the plate.’’ It is 
likewise a fact that although the coils are upon the ends of the mag- 
net they preserve their axes at right angles to the axis of the magnet 
bar, but this arrangement does not in any way affect the inductive 
action desired. 

It will also be observed that the induced currents which follow 
each other and proceed in opposite directions, make a complete 
vibratory movement at each use of the machine, and that both cur- 
rents are used in turn. The description is as follows, and the device 
is illustrated by an engraving :— 

“On reference to Fig. 1 it will be seen that the essentials of the 
“apparatus are a small permanent magnet, two coils of fine wire with 
“ soft-iron cores, and an armature of soft iron. The spring to which 
“the armature is attached présses the armature against the soft-iron 
“cores of the bobbins maintaining the strength of the magnet when the 
‘apparatus is not in use. When by pressure on the lever the armature 
“is quickly removed from the poles of the magnet, a current is in- 
“duced in the coils of wire, and is communicated by leading wires to 
“the register or indicator, Fig. 2, where it acts by means of an electro- 
“magnet upon a step-by-step motion precisely similar to the motion 
“imparted to the needle of the receiving instrument of the A. B. C. 
“telegraph. On the return of the armature into contact with the soft 
“iron prolongations of the permanent magnet a current is generated 
“in an opposite direction to the first. The first current causes the 
“hand of the indicator to advance half the distance between two of 
“the figures upon the dial, the second current completes the move- 
“ment, and records one action of the machine to which the apparatus 
“may be attached.” 

Q 8. State whether you have examined the telephonic devices used 
by the defendant company, and if so, please describe the same. 

A. I examined the instruments marked in this suit “ Exhibit De- 
fendants’ Transmitter” and “ Exhibit Defendants’ Receiver” before 
they were delivered to the counsel for the complainant, and have in 
my possession duplicates of the same. 

The “ Exhibit Defendants’ Transmitter” consists of a cubical box 
with a hinged door upon the rront. The central portion of the door 
being formed by a thin panel of wood. This panel isin facta wooden 
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sounding-board, in front of which is placed a shallow panel-shaped 
block pierced with a central opening about an inch and a half in 
diameter. 

The panel is placed about half an inch distant from and in front of 
the sounding board, and in fact forms a mouth-piece, through the 
central opening of which the sounding-board receives its vibratory 
impressions. 

A pin carried upon a metal spring bears upon the surface of the 
sounding-board opposite to the centre of the mouth-piece, and acts as 
a damper to deaden the vibrations and limit their continuance. Upon 
the inside of the panel and opposite to the centre of the mouth- 
piece, which is on the outside of the panel, is fixed a platinum wire. 

A soft-iron rod about three-sixteenths inch in diameter, upon which 
is secured a small induction coil 


’ 


is suspended from a bracket fixed 
centrally near the top of the inside of the door. To the side of the 
induction coil is fastened a rod of carbon, so located as to bear upon 
the platinum wire on the sounding-board. ‘The tron suspension rod 
which carries the coil passes through and projects beyond the lower 
end of the coil, and is there brought near to a piece of iron which is 
secured between the rodand the sounding-board. When acurrent of elec- 
tricity passes through the coil the suspending rod becomes magnetic 
and is attracted to the piece of iron, and by that attraction the carbon 
rod is pressed against the platinum wire upon the sounding-board. The 
action of gravity also tends to keep the carbon rod and the platinum 
wire in contact. In acompartment beneath the cubical box which 
contains the induction coil is placed a cell of galvanic battery. 
Wire connections are carried from one pole of the battery to one end 
of the primary coil of the induction coil, and from the other end of 
the primary coil to the carbon rod which is secured to the outside of 
the induction coil. From the other pole of the battery a wire con- 
nection is carried to the platinum wire which is secured on the sound- 
ing-board. Contact between the platinum wire and the carbon rod 
completes the electric circuit, and a constant current from the battery 
is maintained until a vibration of the sounding-board is produced, 
which disturbs the relationship of the platinum wire and carbon rod. 
This portion of the apparatus covers the device of the defendants’ 
transmitter. 

The secondary wire upon the induction coil is connected at one end 
to the earth, or to a wire leading to another station, whilst the other 
end of the secondary coil wire is led to the receiving station, and 
there through the receiver, and then to earth, or some connection 
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ft the induction coil and the receiving instruments are included. It is 
to be observed that the continuous battery current is limited to the 
circuit of the transmitting device, and that at no time is there a bat- 
tery current sent upon the line wire which connects the telephone 
stations with each other. 
I find in connection with this transmitting device a magneto call- 
| bell and a dynamo machine for producing at will an electrical current 
‘- for the purpose of calling the attention of the distant station by means 
of a magneto call-bell there located. These devices are isolated from 


the line wire circuit by means of switches whenever the transmitter is 
i | to be used. 
| ’ The “ Exhibit Defendants’ Receiver” consists of a tri-polar perma- 
ment magnet, the two outer poles of which are of a similar nature, 
and of opposite nature to the central pole. The three poles are wound 
with insulated wire of small diameter, and in such direction as to 
maintain, with a proper current, the magnetic relationship of the poles 
f of the magnets. The two outer poles are united near their ends by 
an annular iron diaphragm. Upon this diaphragm is fitted a thin 
cupped disc diaphragm, made also of iron. 
The central pole is insulated from the side poles and from contact 
’ with the annular diaphragm, and is prevented from touching the cup 
as diaphragm, which covers the end of the receiver. The ends of the 
wire coils which surround the poles of the permanent magnets are 
carried through the case of the instrument, and form the connections, 
one with the line wire leading to another station, and the other to the 
ground, or to some connection whereby the circuit is completed, in- 
cluding the receiver and the secondary wire of the distant transmitter. 
The result of this construction is that the cup diaphragm becomes of 
similar polarity to the outer poles of the permanent magnet, and is of 
opposite nature to that of the central pole. 

O 9. Have you made any observations or experiments with refer- 
ence to the nature or action of the currents passing through the appa- 
ratus of the defendant, and if so, will you state the results thereof ? 

A. Upon examination I fail to find any current in the line wire 
connecting the transmitter with the receiver, except when the contact 
. between the platinum rod upon the sounding-board, and the carbon 


; rod which is normally pressed against it, is disturbed. 

it When the contact between the wire and rod was disturbed, I found 
that currents passed through the wire. When conversation was car- 
ried on through the instruments and connecting wire, a succession of 
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short disconnected currents passed through the wire, and when the 
syllables or phonetic sounds were slowly enunciated the impression 
of each group of impulses was very evident. 

These results were obtained and verified first by observations with 
a galvanometer, which clearly indicated the passage of disconnected 
currents; and second, by observations upon the motions of an indi- 
cating pendulum pointer attached to the keeper of a delicate electro- 
magnet which was included in the circuit of the line wire. These 
observations were made during the transmission of conversation and 
without any interruption of the passage of articulate speech, and they 
show that the normal condition of the current in the line wire when 
in use, is one of discontinuity or disconnection, and not of continuity. 

The passage of these disconnected currents indicates and proves 
clearly, to my mind, the occurrence of minute and rapid breaks in the 
continuity of the local current in the transmitting device. 

To determine this I made many experiments with induction coils, 
in the primary coils of which, constant currents of varying quantity 
were passing, and in noinstance did I obtaina current in the secondary 
coil except when a break of contact occurred in the current passing 
through the primary coil. In fact, there is no reason why in the trans- 
mission of articulate speech that breaks in the current should interfere, 
provided always that the duration of the break shall be of such short 
period that contact is made in time to receive the next impression or 
vibratory movement. 

That such is the fact, can be proved by using the local connections 
of an ordinary relay magnet as a transmitting instrument. In doing 
this it is necessary to adjust the contact points of the local circuit 
very closely, and to connect the local poles of the relay to the pri- 
mary wires of an induction coil in the place of an ordinary transmit- 
ter. By turning the instrument upside down (so that the lever of the 
keeper shall swing as a pendulum), and talking against it, conversa- 
tion can be readily and successfully transmitted. In this experiment 
the magnets and coils surrounding them are not used, and realiy 
form no part of the apparatus in service. 

Whatever may be the supposed theoretical conditions of the tele- 
phonic transmission of speech, including among other conditions that 
of continuity of current, Iam of the opinion that such continuity is 
practically non-essential. My reasons for such opinion are, in part, 
derived from the fact that there is a persistence of auditions which 
maintains or prolongs or carries forward the sensation of hearing in 
the organ, without taking conscious notice of gaps or interruptions of 
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continuity, within certain limits, just as the eye takes no conscious 
notice of the obstruction or exclusion of external objects occasioned 
by the act of winking; and also from the fact, as I believe it to be, 
that when words or sentences are spoken into the transmitter, and re- 
ceived at the receiver, they are apprehended by the ear at the re- 
ceiver not according to the letters which constitute them, or accord- 
ing to the syllables which constitute them, or according to the words 
in their entirety. Instead of being a transmission by letters or sylla- 
bles or words, it is rather a phonetic transmission which takes place. 

The leading sounds are caught up by the ear; connections of a 
sound are anticipated, or are supplied automatically, or are perhaps 
overlooked. A single sound, especially of a predominating one, may 
be the key-note or the representative of an entire word. I think this 
becomes more and more evident to a person in proportion as his ex- 
perience with telephonic instruments increases, and as his ear be- 
comes more and more educated to the use of the instrument. 

© 10. Please compare the defendants’ devices and those of the 
plaintiff, with reference to question of infringement, and state what in 
your opinion and belief are the results of such comparison ? 

A. A comparison of the ‘defendants’ transmitter” and method 
of using it with the devices of the plaintiff’s patents does not reveal 
the use of any of the devices described in the specification, or set 
forth in the claims of the patent of 1876. 

The “ defendants’ transmitter” does not contain magnets, either of 
the electro or permanent form (in combination with a closed circuit), 
the armatures of which are set in vibration by inductive action, so 
that the vibration of one shall occasion electrical undulations in the 
other or in itself, as set forth in the second claim of the patent; nor 
does the complainants’ transmitter employ the method of producing 
undulations in a continuous voltaic current by the vibration or motion 
of bodies capable of inductive action, or by the vibration or motion of 
the conducting wire itself in the neighborhood of such bodies, as is 
set forth in the third claim of the said patent. 

Nor does the plaintiff in his transmitter make use of a method of 
producing undulations in a continuous voltaic circuit by gradually in- 
creasing or diminishing the resistance of the circuit, or by gradually 
increasing or diminishing the power of the battery, as set forth in the 
fourth claim of said patent. 

Nor does the transmitter of the defendant contain any of the ap- 
paratus, nor the equivalent of the apparatus described in this patent 
for transmitting vocal or other sounds telegraphically, nor does it de- 
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pend for its action upon the method of operation which is set forth in 
the fifth claim of the complainants’ patent. 

In fact the transmitting device of the defendant does not employ or 
even contain any permanent or electro-magnet used for inductive pur- 


44 


poses, whereby the current in a closed circuit is set in “ undulatory ” 
vibration. 

Nor do the defendants use a receiver which is set in vibration by 
‘“undulatory”’ currents of electricity, in the manner 


set forth in the first claim of the patent and described in the specifica- 


the employment of 


tion. 


A comparison of the defendants’ transmitter with the devices of the 


complainants’ patent of 1877 shows it does not contain the device re- 


j 


ferred to in the first or second claims, as it does not contain ‘ 


‘an 
instrument” having an armature, as do those referred to in the said 
claims. 

It does not contain the device set out in the third, fourth, and fifth 
or eighth claims, because it does not contain an electro, or a perma- 
nent magnet for producing inductive vibrations in a closed circuit. 

The defendants’ receiver is not united by means of an electric cir- 
instrument, nor is it subjected to attrac- 


cuit with any transmitting 


ct 
tions of varying intensity, so that it is not included in the devices set 
out in the first and second claims. 

As it does not contain an electro-magnet nor any means for adjust- 
ing the relative position of a magnet and its armature, nor the sound- 
ing-box, nor the speaking or hearing tube, it 1s not to be included 
with the devices of the third, fourth, sixth, or seventh claims. 

The magnet in the receiver has a coil upon the end or ends of the 
magnet nearest the plate or armature, such as is set out in the fifth 
claim, that is, in the manner shown and described in the proceedings 
of the Franklin Institute before referred to, and it 1s a permanent 


plate of iron, with coils on the ends of 


magnet in combination with a | 


] 


the said magnet, as set out in the eighth claim, and as is shown in the 


Hughes relay and in the Wheatstone apparatus, both already referred 
to; and the latter apparatus was constructed and was used for produc- 
ing electric currents by induction in a circuit which was never broken 
by changing the relative position of the magnet and the plate, and 
this current, which first passed in one direction and then in the other 
(by replacing the plate), was passed through the coils of an electro- 
magnet to give motion to its armature. 

The defendants’ receiver does not respond to permanent currents 
in which the intensity of the current is gradually changed, that is, 


—_ 
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currents that are converted into an “ undulatory” current by increas- 
ing or diminishing the power of the battery; nor does it respond even 
when connected through the secondary coil of an induction coil 
through which an undulatory current from a battery is passing. For 
these further reasons it appears to me in every way to fail to be 
described in the specifications of either the patent of 1876 or that of 
1877. 

The method of operation of the defendants’ transmitter is similar to 
that of the Reis, that is, the vibrations of the diaphragm cause rapid 
breaks and makes in an electric circuit in which is placed a constant 
battery. The substitution of carbon for one platinum electrode in the 
Clay device enables the circuit to be opened to a wider extent before 
the current is interrupted, and in that way prevents too great prolonga- 
tion of the time during which the circuit is broken. By tilting the 
Reis transmitter so as to present the upper surface at an angle to the 
horizon, the pounding of the spike upon the flat electrode is prevented, 
and an induction coil used in the usual way, it will without further 
change transmit articulate speech. If acarbon electrode is substituted 
for the spike and an induction coil used in the usual way, the instru- 
ment will then serve as a good transmitter for ordinary service. 

The contact of the electrodes in the Reis transmitter is effected by 
oravity, that of the electrodes in the defendants’ device chiefly by 
gravity and to a limited extent by magnetic attraction in addition. 

That the defendants’ transmitter works by using an intermittent cur- 
rent has been before stated, and the reasons for that opinion have 
been given. It may be further stated that unless the local battery cur- 
rent is actually broken by the separation of the electrodes there is no 
transmission of sound by defendants’ device. In this respect it differs 
essentially and distinctively from the method of operation described 
and claimed as the peculiar invention which is covered by Mr. Bell’s 
patents of 1876 and 1877, which patents not only specifically describe 
a peculiar undulatory current, but contrast it with intermittent and 
pulsatory currents as not being of that character, but being free from 
interruptions and sudden changes of intensity. 

In former suits the Reis device has been rejected as antedating the 
Bell on account of its make and break character, but it is evident that 
it does antedate the defendants’ device in that respect on account of 
the similarity of action of the two devices, both being of the so-called 
make and break circuit mode of operation. 

I am therefore very clearly of the opinion and belief that the de- 
fendants’ devices are no infringement of those of the patentee, unless 
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indeed the mere act or fact of transmitting articulate speech, wholly 
irrespective of the means, or method, or apparatus of transmission, con- 
stitutes an infringement. As respects the means, method, and appa- 
ratus, I am of the opinion and the belief that those employed by the 
defendant are entirely different from those employed by the patentee, 
and as respects the method, operation, or process employed and the 
action and nature of the currents involved, there is also an essential 
difference and dissimilarity. 

I may add that I do not find in the evidence on behalf of the plain- 
tiff anything to show that the current which passes along the line 
wire in the defendants’ devices, and whereby speech is transmitted, is 
an undulatory current as contradistinguished from a pulsatory cur- 
rent, nor do I know of any means by which it can be shown that such 
is the case. To say that the current is undulatory and not pulsatory and 
not intermittent, merely because speech 1s transmitted, seems to me 
to be inconsequential and to be contrary to, or at least without sup- 
port from, our knowledge on the subject. The theory of the electri- 
cal transmission of speech, and of the action of telephonic devices, is 
still undetermined, and various opinions on the subject are entertained 
by very high authorities in this branch of knowledge. The term 
“current” as applied to electrical action is itself little more than a 
mere figure of speech, and divisions and subdivisions, as respects the 
different forms and characteristics of currents, are mere assumptions 
which cannot be shown, or at least have not yet been shown, to 
have an actual counterpart in nature. 


Monpbay, April 13, 1885. 


Cross-examination of Dr. Charles M. Cresson by E. N. DIcKERsOoNn, 
Esq., Counsel for Complainants :— 

x Q 1. Did not the exhibition of Professor Bell’s telephone at the 
Centennial, to a company of scientific gentlemen of which you were 
one, elicit the expression of great astonishment and admiration at the 
time of the exhibition, and afterwards? 

A. Yes, sir; it was considered to be a wonderful exhibition. I 
was not present as one of the examiners, and took no further part 
than to listen to the explanations, and to endeavor to obtain an idea 
of the apparatus and its workings. Myespecial attention was directed 
to the apparatus of Mr. Gray rather than that of Mr. Bell, as then I 
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had no idea of the value of the ability to transmit speech as compared 
with the telegraph of Mr. Gray, in which I was interested, as a means 
of enlarging telegraph facilities. 

<x Q 2. The Bell’s transmitters on that occasion had membrane 
diaphragms to the centre of which iron armatures were attached, did 
they not ? 

A. That is my recollection of them. Not that they were like 
Fig. 7 of the patent, but differed from that arrangement, in that the 
armatures were simply attached to the membrane without a connect- 
ing link toany fixed point. After this lapse of time I cannot definitely 
describe it, but such is my present recollection of the construction 
of the apparatus. _ 

x Q 3. But those instruments with membrane diaphragms and 
armatures attached to them did talk in your presence, did they not? 

A. I did not hear them talk, but understood that words had been 
transmitted; I don’t mean connected conversation, but isolated words 
spoken into the transmitter were heard at the receiving end. It was 
a subject of discussion among those present. 

x Q 4. Do you mean to say to the court, that on that Sunday 
when you were present and the Emperor of Brazil and Sir William 
Thompson, the telephone did not transmit sentences read from news- 
papers or quoted from Shakespeare, as appears stated in the report 
on awards, Group XXV., Centennial Exhibition, pp. 130 and 131? 

A. No, sir; not by any means. What Ido say is I[ did not hear 
the telephone speak, and that by my conversation with those around I 
understood that words had been transmitted. As I before observed, 
my attention was chiefly directed to another exhibit, and I made no 
effort to become an observer of what was done with the Bell apparatus 
except as to inquiring what was the result of the use of the apparatus, 
as a matter of scientific interest. 

x QO 5. The Bell exhibit was in a different part of the building 
from the Gray, and the exhibition was subsequently to that of the 
Gray, was it not? 

A. In my recollection the Bell exhibit was in the Main Building on 
the eastern side near the end next to Machinery Hall, whilst the Gray 
exhibit was near the middle of the same building, but on the west side 
of the main aisle. The relative time of exhibition I do not re- 
member. 

x Q 6. In both Fig. 7 and in the Centennial instruments the arma- 
tures were fastened to the membrane diaphragm at the centre of it, so 
that the diaphragm and armature must move in unison? Is not that so? 


74 TESTIMONY TAKEN ON BEHALF OF DEFENDANT. 


A. Yes, sir; but the armature in Fig. 7 is connected to a fixed point 
by a loose link, also to the membrane by a fixed stud, whilst in the 
Centennial arrangement, my recollection is, that the armature was 
secured to the centre of the membrane without other attachment. 

(The model of Fig.7 produced by the witness on his direct examina- 
tion is now offered by the complainant in evidence, and marked 
“Cresson Fig. 7.” 

<x QO 7. In the model of Fig. 7 which you have made you have 
removed the face of the armature from the pole of the magnet a very 
long distance, say nearly an eighth of an inch, which you did, as I 
understand your statement, by carrying out the proportions of the 
lithograph drawing in the patent, both in respect to the size of the 
instrument and in the distance apart of the armature and magnet. 
Now, as an electrician, did you not know before you tried the experi- 
ment that when that armature was thus far removed from the magnet 
the magnetic force would be diminished as the square of the distance 
increased, and that it would be impossible for the feeble currents gen- 
erated in the telephone to make the magnet operative through so 
great a distance? 

A. The model of Fig. 7 was constructed toa scale, and the dis- 
tance of the magnet and keeper were fixed upon the same scale. I 
was of the opinion that the distance was too great for the production 
of any good result. 

The models were constructed in this way, for the purpose of having 
an accurate copy of the apparatus set out, and as no mention is made 
in the patent of 1876 of-the necessity for a close adjustment of the 
armature and magnet, and as the patent of 1877 first sets out, “that 
“the distance of the magnet from the plate should be as little as 
“possible,” I concluded that the matter of distance was not under- 
stood to be material by the patentee in 1876, and consequently 
the representation of Fig. 7 was what he intended it to be, and so 
made it. 

Notwithstanding the wide separation of the magnet and armature, 
the magnetic attraction produced by the use of two cells of Grenet 
battery causes the diaphragm to be drawn tightly towards the mag- 
nets. 

For the reasons given, I did not feel warranted in making a change 
whereby the distance between the armature and magnet should be 
diminished. 

If this is done, one of the causes of the failure of No. 7 to produce 
responsive vibrations of the diaphragms will be removed. 


“T 
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<x QO 8. Was it not a matter of familiar knowledge by electricians 
in 1876 that in telegraph devices, in which a magnet and armature 
were used to indicate the presence and absence of electrical currents, 
the armature should be brought up as close as possible to the magnet 
in order to obtain the best effect; and was it not well known in that 
class of instruments that adjustments of the distance between the 
armature and magnet were generally provided in order that the oper- 
ator might set the distances at the efficient point? 

A. As respects the use of magnets for ordinary telegraphic pur- 
poses, that is, upon a circuit which was alternately made and broken, 
it was well understood in 1876 that the adjustment of magnet 
and armature was of great importance to secure the best results. 
The use of a line with magnets and armatures worked by a contin- 
uous, unbroken battery current, which current was to be modified by 
induction, was a novelty, and introduced new features before unknown. 
The fact that the continuity of the line was never to be broken and 
that the magnets did not at any time cease to attract their armatures 
would, to my mind, have diminished if not removed the necessity of 
such adjustments. 

I do not think that the necessity for similar provisions as those 
used for ordinary relay magnets occurred even to Mr. Bell until ex- 
periment and trial showed him the necessity for it. 

x Og. Did you not know that in Fig. 7 the battery current itself, 
which you say is adequate to sufficiently magnetize the magnets to at- 
tract the armature at this great distance, is not the efficient cause of the 
vibrations which are to transmit speech, but that the extremely feeble 
magneto current is the efficient cause, and that therefore it is peculiar- 
ly necessary to place the armature as close as possible to the magnet 
in order to feel the influence of that feeble current ; and knowing that 
as an electrician, do you suppose that Professor Bell was ignorant of 
it and did not know that the further off the armature was placed the 
less effect he would get from this feeble current ? 

(The witness states that he has now been under cross-examination 
for three hours, and is physically unable to proceed further to-day.) 


Adjourned to meet Tuesday, April 14, 1885, at 10.30 o’clock. 


76 TESTIMONY TAKEN ON BEHALF OF DEFENDANT. 


~ 


Tuespay, April 14, 1885. 
Met pursuant to adjournment at 10.30 o'clock A. M. 


The cross-examination of Dr. Charles M. Cresson is resumed :— 

A. Iam aware that the battery current varied by the momentary 
superposition of feeble magneto currents which at times increase and 

others decrease its intensity, is the agent by which the armatures are 
attracted with greater or lesser force. But I am not aware that the 
relative values of the two currents used in that way were known to 
electricians, for I did not know of the necessity for such close adjust- 
ments as is required until after experiment with telephones under 
various conditions. | 

x QO 10. In your direct examination you said “if the weight of the 
“keeper is reduced to a minimum and the drum-head should be in- 
“creased by the use of stout material, much more favorable condi- 
“tions would exist;’’ you also have said that you had your model of 
Fig. 7 made by “ carefully measuring the drawing and preserving the 
“proportions there shown.” I now call your attention to the fact that 
the membrane a of the drawing is shown as thick as the armatures, so 
far as one can judge without resorting to micrometrical measurements ; 
but that in your supposed Chinese copy of the drawing the membrane, 
instead of being increased in thickness in proportion to the increased 
size to which you have expanded the apparatus, and therefore made 
about as thick as the armature itself, is extremely attenuated, and cer- 
tainly fifty times thinner than the armature. Now will you explain 
why, when you knew that it would improve the operation of the in- 
strument to increase the thickness of the drum-head by use of stout 
material, you diminished its thickness far below that shown in the 
drawing, while you increased the weight of the armature and the dis- 
tance between the magnet and the armature? 

A. My answer in direct examination is correctly quoted in refer- 
ence to the effect of the weight of the keeper and drum-head. The 
keeper in the model Exhibit 7 is made, as nearly as I can judge, of 
the proportions indicated in the drawing, and the actual dimensions 
correspond with those of magnets in common use in telegraphy. 

The diaphragm of stout material intended to be indicated is one of 
thin wood. Taking the specification as a guide, and the dimensions 
of the parts there particularly referred to, their distances are preserved 
in the enlargement. The armature, and the electro-magnet and its 
connections to the diaphragm, are correctly represented. So also the 
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dimensions of the cones are as near as may be correct, excepting the 
thickness of the material, which seems to me to be immaterial to the 
result so far as the function of the cone is concerned, in its use for 
the mere convergence of sound; and if the thickness or thinness of the 
cone has any effect upon the result, then to that extent and that extent 
only is the model of Fig. 7 wanting in correctness. As to the drum- 
head I have simply followed the directions given in the specification, 
and have used a “ stretched’’ membrane, such as was and is frequently 
used for the purpose of covering the openings in apparatus designed 
to receive and take up vibrations. 

My judgment in the selection of this material was perhaps influ- 
encegd by the use of similar material in the construction of the Reis 
transmitter, which gave me the best results when covered with a 
similar membrane. 

The stouter material which suggested itself to me was a very thin 
sounding-board, selected on account of its peculiar adaptability for 
receiving and transmitting vibrations of varying quickness, a knowl- 
edge gained during the past two years from experiments made in 
the 


se 


relation to telephony. I do not agree with your statement that 
‘membrane a of the drawing is shown as thick asthe armature.” It is, 
perhaps, two-thirds as thick, but, be this as it may, the specification 
calls for a stretched membrane. J therefore made the drum by securing 
a membrane over the end of the cone, exercising my own judgment as 
to the material and method of securing it in place, for which latter 
operation the specification gives neither drawing nor instructions. 

It should be noted here, however, that when trial was made of this 
device care was taken that the membrane was stretched tightly. 

<x QO 11. The specification states that the membrane should be 
‘“ stretched,” but the drawing not only shows no means for stretch- 
ing the membrane, but it exhibits the membrane united to the 
cone at a line without any visible means for attaching it. Where 
is your authority for making a groove around the outside edge of the 
cone and tying the membrane over it bya string, when the usual 
method for stretching the membrane over the cone in an instrument 
designed for the very purpose of having the membrane spoken to and 
caused to vibrate (as, for instance, Scott’s phonautograph) is to stretch 
that membrane by screws so as to obtain and preserve the required 
tension, as was done in the Centennial membrane telephone which 
you saw Professor Bell exhibit ? 

A. The method of attaching the membrane by making a groove 
around the outside edge of the cone and tying the membrane over it, 
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is and was a very usual method of attaching a tympanum where the 
production of no especial musical note is required, and that method is 
set out in the description of the Reis transmitter, and which device 
could well be taken as a guide in the absence of other instructions in 
the specification. 

At the time of the issue of the patent of 1876 Scott's phonauto- 
graph and instruments requiring exact adjustment of the tympanum 
were not of common knowledge, and the device which Mr. Bell ex- 
hibited at the Centennial did not resemble that of Fig. 7, and, in fact, 
had a different arrangement of the magnet and armature, as has been 
already noted in my former answers, so that device of Mr. Bell’s could 
not be taken as a guide for the details of construction of a model of 
Fig. 7. It must also be remembered that the skilled mechanician 
who constructed telegraph instruments, to whose occupation the con- 
struction of telephonic devices most pertained, especially as the title 
of the patent calls for improvements in telegraphy, was not skilled 
in the making of acoustic devices, and had as a precedent the Reis 
instrument, which was most nearly allied to the device of this 
patent. 

It may then be fairly concluded that if the inventor desired to have 
a drum-head with adjustable tension, the specification should have set 
the fact out, the more especially if no device for the purpose was 
shown in the drawing. 

The Bell exhibit at the Centennial which was provided with screws 
for stretching the membrane was a very different device from that of 
Fig. 7, as in it the hinged armature “attached to the centre of the 
“stretched membrane ”’ at one extremity is done away with, and an in- 
dependent armature is secured to the centre of the adjustable mem- 
brane. 

x QO 12. I also observe that the cones in Fig. 7 are composed of 
some material which is represented as thicker than the armatures 
themselves. Now, when you were making a “ Chinese” copy of that 
drawing, why didn’t you carry out those proportions and make the 
drums firm instead of making them of thin material, if you supposed 
that the drawing was designed to give specific directions as to dimen- 
sions instead of being addressed to persons skilled in the art to con- 
struct it according to the knowledge which electricians have about 
similar subjects ? 

A. In my answer to cross-question 10, I have referred to the thick- 
ness of the material employed for constructing the cone of the model. 
The dimensions of the cones are practically like those shown inthe 
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drawing, and the thickness does not interfere with their functions as 
convergers and conveyers of sounds. 

The drawing in the patent was put into the hands of a skilled me- 

‘ chanician, who has been familiar with telegraphic and telephonic de- 
vices for many years, and who has constructed many pieces of appa- 
ratus for experimental and practical use, with directions to construct 
it of such enlarged dimensions as would make the magnet and keepers 

of the dimensions usual among telegraphers, I also directing the 
cones to be made of brass, as the most durable material. J examined 
particularly the magneto arrangements, and I am satisfied that they 
correctly represent the device set out in the drawing attached to the 
patent, and I am also satisfied that the failure to make the cones as 
- _ thick as the enlargement of the section in the drawing would make 
them, does not interfere with their specific functions. No directions 
are given in the patent for the selection of material. 

If, therefore, the failure of the device of Fig. 7 to transmit two or 
more musical tones at one time is due to the want of a proper rela- 
tionship of the parts, or to the absence of means for adjusting the 
membrane of the drum-head, the error is due to the lack of instruc- 
tions in the specification to that effect. 

ior | <x QO 13. In the drawing of Fig. 7 is it not true that the keeper is 
magnetically connected with one of the poles of the electro-magnet, 

« whereby it is itself magnetized, in consequence of which the mag- 
netic force between it and the opposite pole or core is strengthened 
and great efficiency is given to the instrument in consequence, as dis- 
tinguished from the case where the keeper or armature is connected 
to the diaphragm alone, and is not therefore magnetized by the cur- 
rent which magnetizes the core of the magnet ?. I don’t ask you to 
eo into any calculation about the amount of increased attraction re- 
sulting from this arrangement, but only to say whether or not it is 
true that such increased attraction does result from that arrange- 
ment. 

A. It is true that ‘the keeper is magnetically connected with one 
“of the poles of the electro-magnet whereby it is itself magnetized,” 
and the attraction between the other pole and keeper is increased. 
The attraction is greater than where the keeper, presented unmagnet- 
ized to the single pole of the magnet, is connected to the diaphragm 
only. Increased attractive power results from this srecific arrange- 
ment by which the poles of different nature are approximated, instead 
of the attraction only of one pole for a soft-iron armature. 
<x Q 14. Did you believe, when you had that model made and en- 
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larged from the drawing Fig. 7, that it was the instruction of the pat- 
ent that a telephone constructed according to it must be a Chinese 
copy of that drawing, and when enlarged must be so enlarged as to 
remove the armature out of the reach of the delicate undulations in 
strength of current which the vibrations of the diaphragm under 
the force of the air-waves would produce? 

A. The model was made in good faith, and until it was tested by 
trial did not present itself to my mind as a device that would not 
operate to some degree. I must first premise that it did not seem to 
me to be adapted for use as a telephone in the now ordinary sense 
which that word is used, z. ¢, a transmitter of articulate speech, nor is 
there any hint to that effect in the specification. 

It is coupled in the description in the patent with another device 
which was designed as an improvement in telegraphy, by which sev- 
eral signals could be sent over the same closed circuit in a telegraph 
wire at one time. 

For this reason I looked upon it as a second device for transmitting 
sounds telegraphically, and avoiding as far as possible any reference 
to my knowledge of the methods of transmitting the articulate mes- 
sages referred to in the patent of 1877. 

In exercising my judgment as to the method of enlarging the draw- 
ing so as to make an instrument of dimensions suitable for practical 
work, I endeavored to exercise that amount of knowledge which was 
likely to be possessed by a competent maker of telegraphic apparatus 
at that time. And as I have before said, the novelty of the application 
of a continuous current by which the keepers of the magnets were 
never allowed full sway, did not include the necessity for that close- 
ness of approximation which is necessary with the use of a circuit 
which is constantly being broken and made electrically. 

In fact, it would be necessary to modify the relative positions of the 
parts to effect such a change as would allow the close approximation 
of the magnet and armature in the usual way. What I mean to say 
is, that the angie at which the suspended armature is shown in the 
drawing, forbids the proper approximation of the plane surface of 
the armature and pole of the magnet in parallel or nearly parallel 
planes. 

To do this, either the stud which secures the end of the armature to 
the drum-head must be shortened, and the magnet moved up towards 
it by shortening the leg d, or else the leg d must be shortened and a 
new point of suspension made so as to bring the armature nearly or 
quite plumb and close to the end of the pole of the magnet. Witha 
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battery of three cells the armature is now approached very closely to 
the lower edge of the core, but this does not by any means give 
the sort of approximation that is usual in ordinary telegraph relay 
magnets. 

To give the desired approximation in the right way would require 
the changes in design referred to above. 

Taking the above facts in connection with the matter set out and 
specifically claimed in the patent of 1877, a method of constructing 
the apparatus so that the magnet and armature can be adjusted in 
their relative positions, and the fact stated that “the distance of 
“the magnet from the plate should be as little as possible,” Iam 
satisfied that my judgment in relation to the enlargement of the 
model is correct, and that the inventor was not then impressed with 
the necessity for approximation which he announces and provides for 
by a specific device described and claimed in the subsequent patent of 
1877. 

x QO 15. Then if you had chosen to make it twice as large as you 
did you would have thought, as a person skilled in the art of tele- 
graphy, which you say this machine was designed to work in, that 
you ought to remove the armature again twice as far as you have 
already done in this model in order to carry out the intention of the 
inventor as expressed in the specification ? 

A. The matter of degree of enlargement selected can hardly be 
termed broadly a choice, as a definite reason was assigned for the 
adoption of the scale upon which the enlargement was based, to wit, 
the probable use by the inventor of such material as was used in or- 
dinary telegraph work. 

I took the smallest magnet in office use that I was familiar with and 
made that the standard for dimensions, assuming that in the absence 
of explanation or specific directions, the inventor intended to use 
ordinary material. This scale made the instrument of such moderate 
dimension that it could be readily manipulated. If I had selected a 
larger size of magnet as being the sort that the inventor would have 
likely used, then it would have been proper to enlarge the model in 
all of its parts to that degree, but such a choice would not have made 
the instrument nearly twice so large. 

x Q 16. In your examination-in-chief you have stated that the mag- 
neto telephone, not using any battery but with the permanent magnet 
according to the Bell second patent, was not a practically operative 
apparatus, and you state that, “the extreme feebleness of the results 
‘obtained in this way of working without any aid from the voltaic 
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“battery current has prevented the useful application of the devices 
“for the ordinary purposes for which it is desirable to transmit articu- 
“late speech.” Where did you derive the information which enabled 
you to make that statement of fact ? 

A. From my own experience in the use of the magneto telephones I 
found that I could not use them practically for ordinary communica- 
tion at moderate distances. Early in the year 1878 I purchased a 
number of hand phones for the purposes of experiment in transmitting 
articulate speech and musical sounds. These instruments I foundto be 
difficult of use, and so feeble as to necessitate careful exclusion ofall out- 
side sound; in fact, they gave me less satisfactory results than the 
| string or wire telephone with metal discs, commonly called the Lover’s 
| telephone, which works without a battery or magnet current. I had 
quite a number of the magneto telephones constructed, having perma- 
nent magnets built up from a larger number (over fifty) of small bars : 
strongly magnetized; these instruments gave better results ; at that time 
I determined that the feebleness of action of the electro-magneto tele- 
phones as thus constructed was partly due to the inability of the dia- 
phragms to tale up sounds, except within a limited compass, and I 
had constructed various magneto telephones with diaphragms of great- 
ly differing dimensions, for the purpose of transmitting music having 
a wide range of tones; although I succeeded in taking up and trans- 


mitting tones of every pitch combined, the extreme feebleness of the 

transmission prevented any practical application of the apparatus. 
Again, the transmissions of voice were so “small” and feeble, that 

insignificant imperfection in hearing prevented the listener from receiv- 


~ 
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ing the communication. - 

[ am not aware of the continued use for any purpose of the mag- 
neto telephones as transmitters, but do know of their large use as re- 
ceivers in combination with a transmitter, that is, they are used by 
sending through them a strong electric current of many times the 
force of the magneto current generated by induction produce d by the 
motions of the plate before the electro-magnet. 

It is upon these facts that my opinion as to the feebleness of the a. 
current in the magneto instruments ts based. 

x Q 17. Having derived your information from your own experi- 
ments, you will be astonished to know that right here in the city of 
Philadelphia a telephone exchange was in operation for a long time 
before the microphone transmitters were in use, using nothing but the 
magneto transmitters and receiver without batteries; that both the 
Bell Company and the Western Union Company had telephone ex- 
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changes in many places in the United States using nothing but the 
magneto telephone without batteries ; thatthe great suit of the Bell Com- 
pany vs. Dowd, an agent of the Western Union, was to restrain the 
- Western Union Company from the use of such magneto instruments 
in its regular business, and that there were many thousands of those in- 
struments in daily common use for business purposes during the years 
1877 and 1878, and afterwards; that during the year 1877 public ex- 
hibitions were made of these magneto instruments talking between 
Boston and New York, Boston and Providence, New York and Phila- 
delphia, published numerously in the newspapers of that day ; and that 
to-day a pair of those magnetos are better articulators than any micro- 
phone transmitters in use. 
Py [ Oljected to by defendants’ counsel as assuming the existence, as facts, 
of matters and things not tr evidence. } 
A. My first use of this kind of telephone was early in the year 
1878, and I was aware of the communication of concert sounds from 
New York to Philadelphia, but I was not aware of the general use of 
these instruments without a battery current in exchanges. I have no 
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knowledge of the present use of these instruments in exchanges; but 
only know of the extensive use of microphone transmitters, and there- 
fore eoncluded that they had displaced the older sorts. Taking the 
a statement set out in the question for fact, the statement made by me 
LA. as to the prevention of the useful application of the devices for the 
ordinary purposes, by reason of the extreme feebleness of the results 
obtained by the use of the magneto telephone, is evidently an error, 
wy and I desire the correction to be made as from want of information 
in relation to such use. 
x Q 18. In your direct examination, I understand the argument 
as set forth, is this :— 
First—An induction coil, such as is used with the telephone, will 
not develop a current from the secondary unless the battery circuit 
+ is broken on the primary, which you have found by experiment. 
Second.—The microphone transmitter of the defendants does gener- 
a ate a current from the secondary coil. 
Third.—Therefore the microphone in that instrument is a circuit 
breaker. 
Is not that the position you take ? 
A. Yes, sir; the results of the experimental determination and con- 
clusion are correctly stated. 
<x Q Ig. Is the magneto transmitter of Fig. 7 a circuit breaker ? 
~o- A. No, sir. 3 
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<x O 20. And you distinguish between Fig. 7 and the defendants’ 


ow 


transmitter in this respect by saying that one is and one is not a cir- 


cuit breaker ? 
A. Yes, sir. 
< O 21. Then if an induction coil is put into connection with the 


magneto transmitter of Fg. 7, and a secondary current is taken off 


to a receiver, the instrument will not talk, as you understand it, be- 
cause the circuit is not broken on the primary of the induction coil ? 


Adjourned to meet Wednesday, April 15, 1885, at 11 o'clock A. M. 


WEDNESDAY, April 15, 1885. 
Met pursuant to adjournment at 11 o’clock A. M. 


Present: Same counsel as before. 


The cross-examination of Dr. Charles M. Cresson is resumed :— 

A. In my answers concerning the action of the induction coil I 
have referred only to the use of a battery current alone, and have not 
until to-day experimented with the magneto induced current in con- 
junction with a battery current through the primary of an induction 
coil, such a combination of current not being suggested in any of the 
devices shown nor mentioned in the patents for that purpose. When 
Fig. 7 is connected through the primary coil of an induction coil 
with a battery in the circuit, and a Bell telephone receiver is con- 
nected in the secondary circuit, and the keeper of the magnet of No. 
7 is disturbed, there is an evident disturbance of the current, in the 
secondary coil, indicated in the receiver. In this case, then, it is evi- 
dent that a current has been generated in the secondary by the super- 
position, or rather the changes of tension, caused in the battery current 
by the magneto current, without a break in the primary circuit. 

If this experiment in any way represents the action that takes place 
between the electrodes of a loose contact transmitter, then my con- 
clusions are wrong; but as no such combination of battery and in- 
duced magneto current is suggested in any of the devices, for use with 
an induction coil, nor in fact is an induction coil an element of 
any of the devices described or shown, I made no ttrial by this 
method until noon to-day, at your suggestion, and find the results to 
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be as above stated. My determination of the behavior of the current 
in the secondary coil was by a method set out in the patent of 1876, 
as one of those suitable for producing the desired and described 
undulatory current. 

<x QO 22. If you are mistaken in assuming that circuit breaking of 
the battery current on the primary is a necessary condition for the 
operation of the induction coil of the defendants’ apparatus, you will 
admit that the fact that the defendants’ apparatus does talk, does not 
prove nor tend to prove, that a microphone is a circuit breaker ? 

A. If my premises are wrong the conclusion which I have arrived 
is wrong also. 

My method of experiment was as follows: I made trials of induc- 
tion coils of various dimensions, the largest giving ordinarily with a 
five-cell battery an induced spark of about one inch in length. The 
resistance of the secondary coil eighteen hundred ohms. 

When the circuit upon the primary was broken,a spark passed 
between the points of two wires which were secured about one-six- 
teenth of an inch apart in the secondary circuit. 

A battery in which the plates could be raised out of, and lowered 
into, the liquid in the cells, was connected through the primary coil, 
and the plates gradually raised and lowered, sometimes slowly, and at 
other times rapidly, so as to expose a varying surface to the action of 
the liquid. 

At no time did a spark pass the break in the secondary coil. To 
further test the matter a Bell telephone receiver was inserted in the 
secondary circuit, but it gave no evidence of disturbance except when 
the plates were accidentally raised entirely out of the liquid. This 
was one of the methods set out in the patent for producing an undu- 
latory current, the one most readily made use of. From this result I 
concluded that the undulatory current was insufficient to produce a 
current in the secondary circuit,as such a current only appeared when 
the current in the primary coil was broken. This method of opera- 
tion seemed to me to produce a current which corresponded with the 
undulatory current described in the specification. 

If my premises are wrong then the conclusion based upon them 
will be incorrect. 

x Q 23. Don’t you understand from the patent that the undula- 
tions which are to be generated by Fig. 7 are electrical undulations 
similar in form to the vibrations of the air accompanying the said 
vocal or other sounds, as the patent states it ? 

A. It is true that the patent so states; but the patent also 
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states in illustration that “ undulations are caused in a continuous 
“voltaic current’ by several other methods, and among them by “the 
‘vertical vibrations of the elements of a battery in the liquid in which 
“they are immersed,” “ by alternately increasing and diminishing the 
“power of the battery.” 

This method occurred to me to be one by which the current de- 
scribed as “ undulatory ” could be produced, having the authority of 
the patent as to its suitability for the purpose. 

Two other forms of current are described as characteristically dif- 
ferent from the undulatory current; and I was not aware of any 
method by which the pulsatory current could be distinguished from 
the undulatory in its various. degrees of correspondence, I therefore 
took that certain method of producing the undulatory current which 
had the sanction of the patentee. To have taken the electrical vibra- 
tions produced by the action of the air upon a diaphragm would not 
have afforded me a basis for determining to which class that form of 
vibration belonged. The synthetical method of examination seemed 
to me to be the most appropriate. 

x O 24. You don’t mean to say, I presume, that the various 
forms of undulatory current described in the patent (one of which is 
by vibrating tuned reeds) are the particular forms of undulations 
specified in the patent, by the general description, that these undula- 
tions are “similar in form to the vibrations of the air accompanying 
“the said vocal or other sounds;” or that the patentee meant to say 
that an undulatory current capable of transmitting vocal sounds could 
be produced otherwise than by causing electrical undulations similar 
in form to the vibrations of the air accompanying such vocal sounds ? 

A. It is stated in the patent that the “invention consists in the em- 
“ ployment of a vibratory or undulatory current of electricity, in con- 
“tradistinction to amerely intermittent or pulsatory current ;”’ and the 
distinction that is pointed out as characteristic between an undulatory 
and pulsatory is, that in the former the changes of intensity are grad- 
ual and exactly analogous to the changes in the density of air occa- 
sioned by simple pendulous vibrations, whilst in the pulsatory the 
changes of intensity are instantaneous. 

I understand the distinction to be that in the electrical waves the 
current is to be gradually increased and then gradually decreased in in- 
tensity, and that in illustration of this the current produced by manip- 
ulating a battery is given. 

As the behavior of an induction coil as to the production of cur- 
rents in the secondary coil is governed by the treatment of the current 
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in the primary, it was necessary to determine what the action of the 
coil was under the peculiar current set out and claimed. It was then 
proper to select a method of producing the current for experiment, 
that suggested by the patentee. 

My understanding, then, is that such a current as that produced by 
the varying volume of the battery does actually represent the one 
which Mr. Bell has secured in his patent, excepting only that the vi- 
brations are slower (of less rate per second) than those produced by 
the air. 

If the battery plates could be immersed at the rate of thirty-two 
times a second, we should produce exactly the current which would be 
caused by the vibrations of the diaphragm by a musical note pro- 
duced by that number of vibrations in a second. There is this differ- 
ence, however, that the undulatory current requires a gradual, that is, 
an equable movement of the plates. On the other hand, a current 
that would be produced by a circuit breaker which breaks and makes 
the current instantaneously should be an intermittent current. 

It is stated on good authority that the current produced in the sec- 
ondary coil of an induction coil arrives rapidly at a maximum of in- 
tensity and then decreases slowly, and that the current of opening is 
both formed and completed in a time shorter than that of the current 
of closing, and that the time required to attain a maximum of the 
current of closing the circuit is nearly twice as long as that of open- 
ing, and that the maximum intensity of the current of opening is 
about three and one-half times that of the current closing. 

Data from which these statements are taken are found in a treatise 
on Electricity and Magnetism, by J. E. H. Gordon, N. Y., Appleton 
& Co,, 1880, volume I, and pp. 315, 316, 317. If these facts be 
true, it would appear that the electrical wave which is produced by 
the action of an induction coil was governed by other laws than those 
which govern sound, and that although the air impulse may be the 
inciting cause, the form of electrical wave would lose its exact corres- 
pondence to the waves of air which indirectly cause its formation, and 
it cannot therefore be represented by the same graphic curve. 

This apparent want of correspondence may be an explanation of 
that which to me is very apparent, that the undulations of air pro- 
duced by the receiver are not similar to, but resemble, those which 
accompany vocal sounds; that is, they are not identical with them. 

x QO 25. Won't you answer the simple question without going into 
a discussion about induction coils? Don’t you understand the patent 
to mean that the currents which are to be used for transmitting vocal 
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sounds are to be not only undulatory in the broad sense of that term, 
but are to be made to resemble in their undulations the air vibrations 
which accompany such vocal! sounds? 

A. I understand it to be the statement set out in the patent; that is, 
the electrical currents which carry the impressions from the trans- 
mitter to the receiver are to resemble in their form of undulation the 
form of the waves of sound which generate them. 

© 26. When you tried that little experiment of lowering and 
raising the battery plates in the liquid of the battery, for the purpose 
of ascertaining whether currents of electricity effected by the air vibra- 
tions of sound-waves would make an induction coil operate, did you 
suppose for one moment that the undulatory currents you were trans- 
mitting were similar in form to the vibrations of the air accompanying 
vocal sounds ? 

(The witness states that he is physically unable to proceed any 
further to-day.) 


Adjourned to meet Thursday, April 16, 1885, at 11 o'clock 


A. M. 


Tuurspay, April 16, 1885. 
Met pursuant to adjournment, at If o’clock A. M. 
Present : Same counsel as before. 


The witness, Dr. Charles M. Cresson, on account of ill health is 
unable to attend to-day. 


> 


The counsel for complainant produce a telegram from the Ameri- 
can Bell Telephone Company at Boston in these words: ‘ About 
és 


sixteen thousand Bell magnets telephones in use before battery 


“transmitters adopted. No data as to Western Union Exchanges 
“worked solely with Bell magnets telephones. Boston, Chicago, Cin- 
“cinnati, Philadelphia, St. Louis, San Francisco, Albany, Detroit, 
“Lowell, New Haven, Waterbury, Bridgeport certainly, possibly 
“ Middletown, Conn.; Oakland, California; Portland, Oregon; New- 
“port, R. I.; Williamsport, Pa.; Baltimore, New Orleans, Washing- 
“ton, Nashville, Louisville, and Columbus, Ohio.” 

And another from W.C. Tompkins at Boston in these words: 


“There is in operation in Boston to-day an exchange of five hundred 


ce 
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“subscribers for express service only equipped with Bell magneto 
“telephones, without microphones. Each subscriber has one mag- 
“neto telephone which is used alternately as transmitter and re- 
“ceiver” and he offers to send for a competent witness to prove the 
truth of these statements. Counsel for respondents admits that such 
a witness could be produced and would so swear, and therefore waives 
the production of the witness. | 


Counsel for defendant offers in evidence the English Letters Patent 
of Cromwell Fleetwood Varley, of London, England, for Improve- 
ment in Telegraphing, No. 78,495, dated June 2d, 1868. 

Also English Letters Patent of said Varley for Electric Telegraphs, 
No. 1044, dated April 8th, 1870. 

Said patents are contained in the Dolbear Record, from page 631 to 
639, and may be referred to by counsel and printed as therein. 

Counsel for complainant offers in evidence the General Report of 
the Judges of Centennial Exhibition of Group X XV, pp. 20 and 21. 

Also Report on Awards Centennial Exhibition, pp. 130 and 1381. 
(Pp. 93 to 97, Dolbear Record.) 

Also the newspaper publications in 1876 and 1877 in the same 
record, between pages 87 and 166, 

[ Counsel for defendants object to the newspaper publications for wrrele- 
vancy and incompetency. | 

The following was received by the Examiner after adjournment 
from the witness, Dr. Charles M. Cresson :— 

A. Yes, sir; and for the following reasons :— 

First—Because the patent sets out that method as one which will 
produce undulatory vibrations, | 

Second.— Because vocal sounds are produced by vibrations of vary- 
ing frequency, with this difference, however, that the vibrations which 
I produced were at a slower rate per second than would produce 
audible sounds. : 

I cannot perceive what difference of result other than rate of pulse 
will be produced by dipping the plates twice in a second, or twenty 
times in a second. If these pulses will produce an audible sound, as 
a musical note, by causing them to dip fourteen to sixteen times in a 
second of time, it will be by means of similar pulses from those formed 
at the rate of twice in a second, that is, they will differ in no respect 
other than that of the rate of production, and the ability by the in- 
creased rate of vibration per second to make audible sounds. 

I conclude, then, if there be any similarity between the form of elec- 
trical current and the air vibrations due to the use of undulatory 
currents as set out in the patent, the particular form which I pro- 
duced would correspond to the air-vibrations necessary to make such 
musical notes as can be produced by the same number of interrupted 
impulses. As every vocal sound consists of musical notes of definite 
pitch, or rather of combinations of them, the ability to produce 
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pulses capable of reproducing one by such a method as we have 
been considering, includes the ability to produce any other one of 
them by simply adapting the rate of movement to the rate of vibra- 
tion required. 

x Q 27. In your direct examination you say 
“not a continuous sound, but is a succession of sounds, entirely sepa- 
“rated from each other by greater or lesser intervals; so that each 
“articulation, forming part of a syllable or separate articulate sound, 
“endures a definite time.” Yu also:say that when you tried the de- 
fendants’ telephone, “when conversation was carried on through the 
“instruments and connecting wire, a succession of short disconnected 
“currents passed through the wire, and when the syllables or phonetic 
“sounds were slowly enunciated, the impression of each group of im- 
“nulses was very evident.” Now does it not appear to you to be true 
that this observation demonstrated that the electric current was in 
unison with the sound-waves of articulate speech as you have correctly 
defined it, and that, in the language of the. patent, the electrical undu- 
lations might be “ represented graphically by similar curves” ? 

A. The demonstration referred to shows :— 

First—That the communication was made through a wire, which did 
not constitute a closed circuit, witha single main battery upon it, which 
combination is set out in the patent of 1876 as one of the advantages 
derived “ from the use of an undulatory current in place of a merely 
‘intermittent one,” and which is specifically referred to in the claims. 


‘ 


‘articulate speech is 


The patent of 1877 sets out the same arrangement of battery and cir- 
cuit*wire, and adds also that the desired transmission may be made 
“without the necessity of using a voltaic battery.” This patent, how- 
evcr, refers to specific devices differing from those set out in the patent 
of 1876. 

Second.—The groups of impulses referred to I do not take to be 
undulations but groups of minute interrupted currents, each of which 
produces tones of pitch which represent the pulses of air as they 
expend their force upon and set in motion the receiving sound- 
ing-board or diaphragm. After observing the results obtained by the 
experiment with the dipping battery, and the effects of oft-repeated 
minute pulsation upon sounding-boards as a means of producing 
volume of sound, I think that the passage of the current can only 
be graphically represented by yroups of dots—some closer together 
than others—as a result of the vibrations necessary to create a 
note high in the scale of pitch, and others more widely separated, 
to indicate those necessary to create the lower notes, all repre- 
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senting the minute parts of an interrupted current. Impulses trans- 
mitted in this way seem to me to be of the sort proper to produce in 
a sounding-board the rapid and rapidly changing vibrations which are 
necessary to develop the air-waves adapted to reproduce articulate 
speech. 

<x Q 28. Since yesterday have you not heard articulate speech 
transmitted through a pair of Bell magneto telephones one of which 
was in the circuit of the primary wire of an induction coil, and a bat- 
tery, and the other of which was in the secondary of the same induc- 
tion coil without a battery ? 

A. Yes,sir; youmadethe experimentin my presenceto-day. I could 
hear disturbance in the telephone which was connected in the second- 
ary circuit of the induction coil. The closeness of the two telephones 
made it difficult to say whether they were articulate sounds, as the 
sound of speech conveyed through the air likewise was excluded 
imperfectly from the ear not occupied by the telephone. The dis- 
turbance, however, is evidence to me of the independent character of 
the magneto current induced by the telephone which was in the bat- 
tery circuit. 

x QO 29. In the defendant's machine there is a contact between two 

electrodes, one of which is of carbon and the other of metal; these 
electrodes are forced together by the gravity of the induction coil 
acting as a weight; its inertia acting as an anvil tends to prevent them 
from parting ; they are further pressed together by a magnetic attrac- 
tion, which varies with the strength of current and which therefore 
tends to maintain contact all the more when the strength of current 
increases ; the vibration of the diaphragm when spoken to, varies the 
pressure between the electrodes (or if you prefer to say so breaks the 
current there), which variation (or rupture if you think so) is in unison 
with the variations of force in the air-waves excited by the voice ; the 
battery current passing through this carbon joint is itself varied in 
strength in substantial unison with the varying conductivity at the 
joint, and being so varied, passes through the primary of the induction 
coil, in consequence of which the secondary effect, whatever it is, 
ensues; the diaphragm at the receiving station vibrates in unison with 
the transmitting diaphragm in consequence of the effect produced 
upon its magnet by the secondary current ; and in consequence of such 


vibration the air in contact with it is set into vibrations, whose forms 
agree with the forms of vibration of the air at the transmitting end, 
and hence speech is transmitted. 


Is not that a true statement of the operation whether you assume 
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the microphone to vary the strength of current by mere variation of 


pressure, or by minute breaks of contact ? 


109 


A. The statement as to the theory of the defendant’s patent as to 


the operation of his transmitter as set out in the question is correct; 
and the method of operation is correctly stated, except so far as re- 
lates to the action of the electrodes upon the current in the battery 
circuit by varying pressure, no reference being made to the form of 


the pulses of the transmitting current. 


The vibratory movements of the air at the receiving end resemble 
those at the transmitting end, and hence speech is transmitted. 

x Q 30. Is there any difference in the operation of the defendant’s 
transmitter, from the transmitter used in the Spencer case, the Dol- 
bear case, the Hopkins transmitter in the Gregan case in New Jersey, 
and the Baxter transmitter in the Overland cases, in consequence of 
which you would say that the Clay transmitter, when in operation, 
works upon a method substantially different from Bell’s patented 
method, while the others work upon a method substantially the same. 
I show you copies of the Spencer and Dolbear transmitters, and copies 
of the Hopkins and Baxter patents, and ask you to point out to the 
court the characteristic in the Clay instrument which distinguishes it 


from the others. 


A. The transmitters of Spencer, Dolbear, and Hopkins which you 
have shown to me, and that described in the Baxter patent, are each 
of the loose contact class, and in that respect like the Clay, although 
the Spencer has the contact secured by the use of springs, and the 


Dolbear and Hopkins by the action of gravity alone. 


In the Baxter one of the electrodes is suspended by a pendulum, and 
the contact of electrodes is made by the action of gravity and in addi- 
tion by magnetic attraction. In this respect the Baxter and Clay in- 
struments are similar in general construction and mode of operation. 
The Dolbear method of securing contact is by the weight of a 
weighted electrode. So far as the peculiar device of the Clay trans- 
mitter is concerned, it most resembles the Baxter, and in its mode of 


action may be considered to be identical with it. 


I do not consider that the behavior of the electrodes in the Spencer, 
Dolbear, or Hopkins is identical with that of the Clay, for the reason 
that in the Spencer a spring is used to secure contact of the elec- 
trodes, and in the Dolbear and Hopkins gravity alone. In the Baxter 
and in the Clay the magnetic attraction added to the gravity effect 
produces a promptness of action which the springs do not afford, and 
gives another property which the spring does not possess, to wit, an 
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additional pressure when the electrodes are closely approximated, 
which is the reverse of the case with the spring. 

All of these instruments make use of an induction coil through the 
primary coil of which the transmitter current passes with a battery in 
the circuit, and all of them use the secondary wire of the induction 
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coil as the medium of connection with the receiver. In this respect 
they are precisely like the Clay instrument. 

The Clay transmitter can then be said to possess the characteristics 
of the Baxter in each particular, and in a general way those of the 
other three transmitters examined. 

If it is determined that the other instruments named work upon the 
same principle, so far as relates to the current produced in the line 
wire, and are similar to the Bell, then is the Clay also similar. é 

<x QO 31. Do you wish the court to understand that in your opinion 
similar sounds to those uttered to the transmitter of an electric 
telephone will be heard to proceed from the receiver, unless the 
varying strength of the current transmitting those sounds is practi- 
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i cally in unison with the variations in the air-waves producing the 
| sounds, or, to use Sir William Thompson’s statement of the operation, 
“The strength of its current must vary continuously, and as nearly 
‘as may be in simple proportion to the velocity of a particle of air en- 
“ gaged in constituting the sound ?” (See page 83 of Dolbear Record.) 
A. In my opinion sounds similar to those spoken into a transmitter ‘ 
can be reproduced by a current of unvarying strength, although the 
separate sounds may carry different degrees of loudness. 
Without discussing the theory set out by Mr. Bell that articulate 
speech can be transmitted by means of an undulatory current of elec- 


core LN ents 


tricity, | am decidedly of the opinion that speech can be transmitted 
by an interrupted current, and that the device of the defendant does 
actually transmit speech by means of a current which is interrupted 


and neither continuous nor undulatory. 

The recent experiments which | have made (and witnessed as made 
by you), in which the superposition of an induced magneto current 
upon a continuous battery current transmitted speech, taken in con- 
nection with the fact set out in the authorities, and as I believe con- 
| firmed by my own observations, lead me to suppose that the induced 
current is praciically one of sudden creation and equally sudden dis- 
appearance, and in the experiments referred to, played the part of a 
: separate interrupted current, or at most converted the continuous 
| current into a pulsatory current having the effect of an intermittent 
one upon the secondary of the induction coil. 
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The principal objection which apparently forbids such a theory is 
that sounds varying in loudness at the transmitter are transmitted and 
delivered by the receiver as sounds varying in loudness or intensity. 

It is an undoubted fact that all articulate speech is produced by 
vibrating sounds of varying pitch and usually with varying volume. 

Articulate speech produced by the utterance of sounds that are of 
the same volume or loudness is called (but falsely) ‘“‘ monotonous.” 

This expression indicates the use of but a single tone or pitch for 
the utterance, but it is impossible to produce the various vowel and 
consonant sounds without great variations of tone (or pitch), and there- 
fore such speech is better represented as being spoken of uniform 
force. Each and every individual tone produced in speaking can be 
produced by the vibrations of a reed or by successive blows upon a 
sounding-board. 

The difficulty presented in a mechanical contrivance in the produc- 
tion of speech consists chiefly in the generation of the proper tones in 
proper succession or at the same time as the components of aclang. In 
the Faber talking machine vibrating reeds produced the desired tones, 
of which some of the overtones were generated by variations in the 
form of the cavities through which the reedy tone was conducted or 
passed out from the machine. 

It is evident, therefore, that all of the necessary sounds can be pro- 
duced by the vibratory movements of reeds or other suitable appli- 
ances. 

The mechanical requisite in a sounding-board or diaphragm is 
the ability to take up the great variety of vibrations promptly, and 
cause the vibratory movements to as suddenly cease when the exciting 
cause ceases. 

I can see no difficulty in transferring the vibrations received bya 
sounding-board from air to a current which shall receive the individ- 
ual vibrations as ‘separate and distinct impulses or interruptions. In 
fact, I cannot see how a solid body like a sounding-board can receive 
vibrations from the air except as separate shocks caused by the sud- 
den stoppage of the air-vibrations which impinge upon it, and thus 
by their weight and momentum cause it to take up motion. 

The air-vibration required to produce the note corresponding to 
two hundred and fifty-six vibrations per second moves at the rate of 
eleven hundred and eighteen feet per second, and is nearly four and 
one-third feet across. Now this wave is suddenly stopped by striking 
the diaphragm or sounding-board, which it moves but a very small frac- 
tion of aninch. It must not be forgotten that the velocity of sound 
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through the air is always at the same rate (to wit, eleven hundred and 
eighteen feet ina second of time), no matter what the pitch of the sound 
may be (either high or low); and no matter what the loudness may be, 
loud sounds set a greater volume of air in vibration. 

When air imparts its percussive movement to other bodies, it does 
so by its momentum, and this explains the cause of some sounds 
being louder than others. 

The greater surface or area of a sounding-board set in motion, the 
louder will be the sound. The sounding-board is a resisting body 
and the air strikes it, and gives up its motion to the board. A note 
produced by vibrations of two hundred and fifty-six times in a second, 
means that the air is beaten by some body capable of setting it in mo- 
tion at that rate; its momentum will be the weight of air multiplied 
by its velocity. A note produced by vibrations at the rate of one 
hundred and twenty-eight times a second, is caused by waves twice as 
far across the crests as are the waves of the one vibrating at the rate 
of two hundred and fifty-six times a second, but the one vibrating at 
the half-rate contains twice the weight of air, and hence they have 

equal momentum. 

The same note which is communicated by air-waves can be repro- 
duced by tapping the sounding-board or diaphragm with a light ham- 
mer at an equal rate of speed. 

Every sound is communicated by vibratory movements which travel 
at different rates of speed, in different media, (as in light gases, air, 
wood, water, metals), but they travel always at the same rate of speed 
in the same medium. 

The communication of sound through other media than air is by 
means of interrupted vibrations, just as are those produced by the 
tuning-fork, and the hammer on the sounding-board. 

It may be inquired, then, how is it that variations in the loudness of 
sound can be communicated by intermittent vibrations. 

The method by which this is effected is similar to Faraday’s method 
of exhibiting the effect of the inductive action of magnets by means 

of the galvanometer. 

That is by a repetition of small impulses. He says-in his Experi- 
mental Researches on Electricity, London, 1855, volume III., p. 335 :— 

“The vibration of the needle was slow, and it was easy, therefore, 
“to reiterate the action five or six times or oftener, breaking and mak- 
“ing contact with the galvanometer at right intervals, so as to combine 
“ the effect of like induced currents, and then a deflection of 10° or 15° 

“on either side of zero could be readily obtained.” 
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This same method of repetition, by which time is given to set a 
greater number of particles in vibration, will produce a loud sound 
from a body which from a single impulse, or a few impulses, will yield 
but a moderately loud sound. 

In illustration of this I will instance the ordinary Chinese gong, 
which with one or two taps gives a comparatively small response, but 
with repeated light blows will produce a “ roar” of sound. 

In this case the air vibrations which produce the sound are them- 
selves produced by percussive blows such as could be caused by 
intermittent currents of electricity, representing the receiving end of 
a telephone worked in that manner. The converse of this, that is, the 
production of the blows upon the plate by means of air-waves, would 
represent the receiving end of the telephone. 

To me it seems most probable that with bodies like metallic plates 
and bars the louder sounds in telephonic apparatus are only produced 
by a prolongation of the times during which they are subjected to the 
impulse. When we consider how many vibrations per second are 
necessary to produce even the /owest notes of the voice in speaking, 
Say sixty-four vibrations in a second, the difference of time between 
the production and effect of one and of four such vibrations will not 
be perceptible to the ear, whilst the mechanical effect of the greater 
number is probably more than four times that of the least number. 

It is undoubtedly true that the number of tones (range of pitches) 
receivable by any given diaphragm is limited. That is, the ordinary 
magneto telephone receiver will not take up very low or very high 
tones; and this I have satisfactorily demonstrated by the use of tele- 
phones with diaphragms of various dimensions, constructed for the 
purpose of taking up vibrations from all parts of the ordinary musical 
scale. 

The fundamental tones which could be produced most readily by 
the vibrations of the plates employed, are most readily taken up, and 
others with difficulty in degree as they depart from that fundamental 
pitch. 

I can see nothing, therefore, to prevent the transmission of articulate 
speech by interrupted impulses, when the bodies to which the sound- 
waves and electric impulses are applied are adapted to receive vibra- 
tions greatly varying in number and changing in number at short 
intervals. : | 

It is to this cause I consider that the transmission of articulate 
speech is effected in such instruments as use loose: contacts and 
usually with one electrode of ard carbon. 
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The hard carbon does not in my hand give evidence of additional 
conductivity when subjected to the moderate pressure which is received 
in the defendant’s transmitter, and I can see no good reason why con- 
tact of the electrodes should not be broken at such small intervals 
of time as will adapt the device to the production of a proper inter- 
mittent current for the conveyance of articulate speech. 

In further explanation, all air-waves are formed by alternate conden- 
sations and rarefactions, and it is the impingement of the condensed 
portion (crest of the wave) which marks the time of vibration and of 
createst pressure against the body struck by the wave. 

The waves formed upon the surface of water serve as an illustration 
of the effects of air-waves by considering the depth of the wave at its 
crest as representing the degree of compression of the air-wave. 

The reason why we cannot directly compare the behavior of water 
and air-waves in every particular, is that air is compressible and can 
be packed into a smaller compass or space by pressure, whilst water is 
incompressible, and when a force is exerted upon it in one place, the 
surface level is disturbed by the rising of the water into a hill or wave 
to balance the pressure. 

The height of this wave indicates by its hydrostatic pressure the 
amount of force necessary to produce it, and when a force parallel to 
the surface of the water is applied, the indication of force is the eleva- 
tion of a wave at right angles to the line of force. 

In the compression of air, the chief direction of condensation is in 
the line of the force causing it, and from these differences in the be- 
havior of air and water arises the popular difficulty in understanding 
graphic illustrations of sound-waves. 

Every sounding body has weight and consequently inertia, and it 
requires time as well as force to set it in motion; and it will yield but 
a given distance to an impulse of given weight. A single impulse ex- 
erted for a fraction of time will not push the surface of a sounding 
body to the distance which it would go by the exertion of a continued 
pressure of the equal amount; but repeated impulses will in time effect 
that which a few impulses of equal force fail to do. When the maxi- 
mum movement in a diaphragm which a given force will produce has 
been effected, further impulses fail to produce a louder sound, but 
merely maintain the maximum of effect. 

A diaphragm, in receiving vibrations from the air, swings to and 
fro; that is, itis pushed a certain distance and then returns to its 
original position, and, by its momentum, swings in the direction oppo- 
site to that to which it was moved by the first pressure against it. 
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The ability to promptly recover its position is one of the essentials 
of a sounding-board, and this to and fro motion is termed pendulous. 

An air impulse does not swing to and fro in the pendulous manner 
of the sounding-board, but it progresses in one direction, each suc- 
ceeding vibration following its predecessor in regular file (if the tone 
is maintained of one pitch), and in closer or more distant companion- 
ship as the vibrations are generated more rapidly or more slowly. 

The successive impulses which are to reproduce the sound impulses 
in the air by means of a diaphragm at the receiving end must then be 
generated by the motions of the transmitting diaphragm in the same 
distinct, separate, processional, and variously grouped manner as are 
the crests of the waves of air which impinge upon the receiving 
sounding-board or diaphragm. 


Fripay, April 17, 1885. 
Met pursuant to adjournment, at [1 o'clock A. M. 
Present : Same counsel as before. 


The cross-examination of Dr. Charles M. Cresson is resumed :— 
x Q 32. Don’t you understand the impulses spoken of it 
answer to cross-question 27 to be such as are represented in the dia- 


1 our 
srams page i26 of complainant’s case, in which the syllables of the 
words ‘“‘ Brown’s University,” ““ How do you do?” each appears dis- 
connected from the next syllable by an interval of no air-vibration, or 
of very insignificant vibration ? 

A. I understand the group of impulses which is referred to, to 
represent the crests of the waves, such as appear at the upper part 
of the curves shown in the drawing to which you refer, and in which 
I find eighteen in number as these exist in the word “ Brown.” My 
opinion is that each of these crests represents the maximum of pres- 
sure upon the sounding-board, and as such indicates the end of a 
movement of that board from that impulse. The next movement 
of the board is to return towards the position which it occupied be- 
fore the impact of that impulse, and it is prepared to receive the 
next impulse. 

To me it seems that these separate crests represent so many taps, as 
it were, upon the sounding-board, and that the collection of them (as 
shown, for instance, in “ Brown”) represents a group of minute inter- 
rupted currents, such as I referred to in answer to cross-question 27. 
The line between “ Brown ”’ and “ University” represents the space of 
time which I refer to as giving evidence of no current. 
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x O 33. And if the electric current is similar in form to this group 
of air-vibrations, then it will excite in the receiving magnet a series of 
impulses similar to the transmitting air-wave, and so transmit speech, 
whether you describe that group of air-waves as broken and separate 
or as air-undulations ? 

A. Certainly. Ifthe electric current is put into that state of action 
by impulses which correspond to the periods of greater condensation 
of the air-wave, it will similarly excite the receiving magnet, and trans- 
mit speech, and this whether the impulses received from the air are 
broken or separate or as an undulation. 

< O 34. As you understand it, is articulate speech transmitted in 
the Bell magnetotelephone by ‘a current of. unvarying strength,” or 
by means of the sort of current specified in the patent ? 

A. In the transmission of articulate speech by the Bell telephone, 
in which magneto currents are alone used, I believe that the impulses 
which are derived by induction are suddenly created, and of short 
duration, and generated at each movement of the diaphragm. I base 
this opinion upon the statements in the authorities (one of which is 
Gordon upon Electricity and Magnetism, as to the duration and char- 
acter of induced currents I have particularly referred to recently), and 
also upon my own observations. 

These currents, then, would be figured as successive groups of mi- 
nute impulses, each representing impulses, each representing some tone 
or group of tones produced by and necessary to reproduce articulate 
speech. 

Subject to the variations in time of creation, attainment of maximum, 
and duration, as given by Gordon, pp. 3160 and 317, they may be 
considered practically to be portions of an interrupted current of 
unvarying strength, as the differences in effect between them could 
not be perceived by the ear. 

x Q 36. And, entertaining that view of the Bell magneto telephone, 
do you say that the defendant’s telephone substantially differs from it, 
in respect to the character of the currents generated by its use, for 

the purpose of transmitting vocal or other sounds ? 

A. No, sir. In my opinion the same character of current, to wit, 
one which consists of groups of minute intermittent currents, separa- 
ted more or less by greater spaces, is used by both. 

The differences between the two devices being in the method of 
operation by which the intermittences are produced and by which 
they are transferred to the receiving apparatus. 

x Q 36. As you understand the Reis instrument, as described by 
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its inventor and in the various publications in scientific journals be- 
fore 1876, is it not described as constructed for the purpose, and as 
producing the effect, of breaking the electric current at each com- 
plete air-vibration, and thereby alternately magnetizing and demagne- 
tizing some form of electro-magnet at the receiving end as many times 
as there are air-waves per second in the transmitted sound ? 

A. Yes, sir. The description is that of an instrument designed for 
transmitting vibrations by means of an interrupted current of elec- 
tricity. 

x Q 37. Don’t you understand that the metallic diaphragm in the 
1877 patent and exhibited in Figs. 2 and 3 in section, is one designed 
to vibrate like a stretched membrane being supported around its 
edges? 

A. So far as mere substitution of an iron plate for the stretched 
membrane as a medium for the reception of impulses from air is con- 
cerned, there is no difference between them. 

But as regards the method of operation as a means of transferring 
the vibrations there is a difference. The iron plate will receive in 
close succession vibrations of greatly varying rate, which the mem- 
brane will not do. 

The stiff iron plate requires a positive force to set it in vibration, 
and practically ceases to vibrate when the impulses cease. 

In consequence of this the iron plate held fast at the edges will 
readily receive the various rapid changes of tone and clang which are 
produced by the human voice, whilst the action of a membrane is so 
limited in that respect that very little more than vowel sound can be 
taken up by it. 

< Q 38. In your testimony did you mean to say that the combin- 
ation with an electro-magnet of that sort of plate of iron or steel, for 
the purpose of a telephone, was to be found in any of the relays or in 
the Reis No. 2, which is substantially a Morse relay ? 

A. So far as the mere combination of an iron or steel plate with an 
electro-magnet is concerned the ordinary relays and the Reis receiver 
No. 2 (the Legat receiver) are constructed in the same manner as is the 
subject of the third claim of the 1877 patent, but the relays were not 
used for telephonic purposes ; and the Reis receiver No. 2, although 
used for telephonic purposes, did not reproduce articulate speech. 

In neither instance was the plate inthe form of a diaphragm secured 
at its edges. 

x QO 3g. In the sounding-box, Fig. 2, a narrow air space between 
the diaphragm and the speaking-tube is shown. Did you mean to say 


ae a eT ae vee 


118 TESTIMONY TAKEN ON BEHALF OF DEFENDANT. 


that in the Reis or any other apparatus referred to by you there was 
to be found a sounding-box of similar construction to that? 

A. In the Reis instrument the diaphragm is set in one side of a 
cubical box, into another side of which box is inserted a speaking-tube. 

The air in the box serves as an elastic cushion, and tempers the 
violence of concussion which would result if the air vibrations were 
narrowly directed upon the membrane or diaphragm. 

In the device of Fig. 2 the tube is directly opposite to the dia- 
phragm, the stiffness and weight of the iron plate acting in conjunc- 
tion with the air space to prevent the effect of strong concussions. To 
this extent the sounding-box of Reis performs the same functions 
as the narrow space in the sounding-box of Fig. 2. 

Both boxes form a part of the channel leading from the mouth of 
the person talking to the diaphragm which is to receive the air im- 
pressions. 

It is true that the Reis box is not of the exact form of that of 
Fig. 2, nor is the air space similarly proportioned, but so far as the 
cushion of the vibrations is concerned they each perform it in differ- 
ent degrees of effect. 

© 40. Did you mean to say that a stretched membrane with an 
armature fast to it, as in the Centennial instruments, differed from the 
thin metallic diaphragm in the circumstance that one includes a “‘vi- 
‘bration damper’”’ as you call it,to cause the vibration to cease, and the 
other does not? and if so, will you explain why, when both dia- 
phragms are drawn powerfully by magnetized armatures, and vibrated 
freely by feeble changes in magnetism, they will not both cease to vi- 
brate under the permanent pull of the magnet in the same time after 
the vibratory impulse has ceased ? 

A. When I made answer to my direct examination, I did not con- 
sider the effect of a membranous diaphragm with an armature secured 
to it without other connection like the Centennial instrument. No 
such device is shown in the patent of 1876. 

The membrane of Fig. 7 was rigidly connected to the keeper of the 
magnet and by the keeper toa fixed point. This method of construc- 
tion compelled the diaphragm to carry with it the parts mentioned, and 
as a consequence of their great momentum prevent the rapid taking 
up of motion, and prolonged the time of its action. 

The diaphragm having a light keeper secured to it without other 
attachment was similarly affected, but to a much less degree. 

The chief difference between the diaphragm with the light keeper 
secured to it and the light metallic diaphragm results from the inhe- 
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rent stiffness of the metallic diaphragm, which causes its rapid and 
exact return toa normal position when released from the influences 
which caused its movement. 


» The membrane has no such inherent power, and the straining 

f . process to which it is subjected is but an imperfect substitute for the 
i natural stiffness of the iron. 

| It is this want of ability to resist movement that enables the 

vents the sudden cessation of the movements, and takes away the 


Gs diaphragm to receive delicate impressions ; the same quality also pre- 
fe 
i power to receive rapid vibrations of varying speed at short intervals. 


Adjourned to meet Saturday, April 18, 1885, at rf o'clock A. M. 
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SATURDAY, April 18, 1385. 


’ 


Met pursuant to adjournment, at 11 o’clock A. M. 
Present: Same counsel as before. 


Defendant’s counsel offers in evidence English Letters Patent to 
Peter Jensen for Improvements in transmitting and printing tele- 
graphic messages, and an apparatus therefor, dated September 2, 
1874, No. 2999, and the same is marked ‘‘ Defendant’s Exhibit, Jen- 
7 a Pees” 
= in Also Letters Patent of United States to Elisha Gray, for Improve- 
ment in Electric Telegraphs for transmitting musical tones, dated July 
27, 1875, No. 166,095, and the same is marked “ Defendant’s Ex- 
hibit, Gray’s Patent A.” 

Also Letters Patent of United States to Elisha Gray for Improve- 
ment in Electric Telegraphs for transmitting musical notes; dated 
July 27, 1875, No. 166,096, and the same is marked ‘‘ Defendant’s 
<xhibit, Gray’s Patent B.” 

Also models of Figs. 5 and 6 of Bell’s patent of 1876, four in 
4. number, marked respectively “ Defendant’s 5 and 6 A, B, C, D.” 


The cross-examination of Dr. Charles M. Cresson is resumed :— 

| x QO 41. Are not the screw nuts on these models, which are copies 
| from the patent drawing, for the purpose of bringing the vibration 
armature close up to the magnetic coil, so as to obtain the effect of 
the undulatory current ? 

A. Yes, sir; and they are necessary to enable the use of a constant 
battery of a given power. 

If the strength of the battery is modified from time to time, the 
adjustment of the tongue can be adapted to the strength of the bat- 


ase 
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tery so as to secure the maximum of vibratory power in the spring. 
That is, the stronger the battery the further the tongue can just be set 
from the core of the magnet, as, the stronger the battery, the greater 
will be the amplitude of the motion in the spring. 

x QO 42. And do not the same conditions exactly exist in this re- 
spect in Fig. 7 as in Fig. 5 ? 

A. The same conditions exist, but in Fig. 7 there is no provision 
made for any such adjustment. 

x QO 43. Is it not true that in all the electro-magneto machines, 
which these Figs. 5, 6, and 7 are, and well known to be so for the 
last forty years, the further and more rapidly the armature was 
moved to and from the magnet, the stronger would be the current 
generated in the coil ? 

A. The magneto current is generated by the movement of the 
keeper in relation to the magnet. The times of generation of the 
current are at the commencement and at the end of the motion, which 
changes the relation of the magnet and armature. To secure an 
apparently continuous current from these separate impulses velocity 
of movement is necessary. The greater induction effect is produced 
by keeping the magnet and keeper closely together with rapidly re- 
peated small movenients of approach and recession. 

With the spring device of Exhibit 5 and 6 a difficulty interposes, 
which prevents the spring from being set in close adjustment, and yet 
permits of its use for variations in battery power. 

The flexibility of the spring permits it to touch the coil of the 
magnet when closely adjusted, if used with a strong battery; and 
when it touches the core it remains in contact, and the vibrations are 
prevented. 

When a strong battery is used the spring is to be raised, and set at 
a greater distance from the core, thereby losing the stronger inductive 
effect of motion close to the core of the magnet. I do not, therefore, 
agree with that part of the proposition in the question which refers to 
the benefit to be derived from great motion in the armature. A good 
illustration of the effect of distance in decreasing the induction of 
magneto effect, is found in the adjustment of the plate of the Bell 
receiver, in the patent of 1877, and of which the patentee says, “it is 
“important that the distance of the magnet from the plate should be 
“as little as possible, without however being in contact.” 

This statement is found in the 1877 patent, and is not referred to in 
that of 1876, which described the Exhibits 5, 6, and 7. 

x QO 44. Then, if I understand you, the well-known law of the mag- 
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neto machine is that the closer together the armature and magnet are, 

the greater the inductive effect will be when the armature is vibrated? 
A. Yes, sir. 

Affirmed and subscribed before ) 
me, this eighteenth day of | 
April, A. D. 1885. ft 

SAMUEL BELL, 


-ixamiiner. 


CHARLES M.CRESSON, M. D. 


Defendant’s counsel also offers in evidence model of Hughes relay, 
marked “ Defendant’s Exhibit, Hughes Relay.” 

Also an ordinary Morse relay, marked ‘‘ Defendant’s Exhibit, Morse 
“ Relay.” 

Also article entitled “An Application of Magneto-Electricity,” by 
Sir Charles Wheatstone, contained in 7he Telegraphic Journal and 
Electrical Review, volume 1, pp. 4 and 5, London, November 15, 1872. 
The portion of which is as follows :— 

«x * * So far back as i840 Sir C. Wheatstone invented an instru- 
‘ment for this purpose, founded on the principles of his electro-magnetic 
‘step-by-step telegraph, when voltaic electricity was applied thereto. 
‘“ But batteries involve troublesome chemical operations, and if not con- 
‘stantly attended to their inactivity causes the failure of the entire sys- 
“tem. Voltaic batteries are subject to many accidents, through which a 
“temporary irregularity inthe registration may ensue ; they may be sit- 
‘uated in so cold a place that in winter the exciting liquid is frozen or 
“the vases cracked; or they may be exposed tothe heat radiated from 


“hot air or water-pipes or other source of warmth, and the liquid 
‘evaporated to crystallization, the crystals forming a non-conducting 
“coat upon the electrodes of the pile. But, given success with the 
“battery, the rapidly succeeding contacts render constant inspection 
‘necessary. The spark that appears on breaking contact is nothing 
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“less than a minute particle of the metal of the contact-point ina state 
“of incandescence, and it follows that where the current passes and 
“is interrupted many times must speedily be worn away. This 
“difficulty was subsequently overcome by the inventor employing 
‘“magneto-electric currents, and the following is a description of a 
“suitable apparatus for the generation of these currents in which the 
“circuit is never broken. 

“On reference to Fig. 1 it will be seen that the essentials of the ap- 
“paratus are a small permanent magnet, two coils of fine wire with 
“ soft-iron cores, and an armature of soft iron. The spring to which 
“the armature is attached presses the armature against the soft-iron 
“cores of the bobbins, maintaining the strength of the magnet when 
“the apparatus is not in use. When, by pressure on the lever, the 
“armature is quickly removed from the poles of the magnet, a current 
“is induced in the coils of wire, and is communicated by leading wires 
“to the register, or indicator, Fig. 2, where it acts by means of an 
“electro-magnet upon a step-by-step motion precisely similar to the 
“motion imparted to the needle of the receiving instrument of the 
“A BC telegraph, On the return of the armature into contact with 
“the soft-iron prolongations of the permanent magnet, a current is 
“generated in an opposite direction to the first. 

“The first current caused the hand of the indicator to advance hal 
“the distance between two of the figures upon the dial; the second 
“current completes the movement, and records one action of the ma- 


“chine to which the apparatus may be attached.” * * * * 


Adjourned to meet Monday, April 20, 1885, at 12 o’clock noon, 
at office of Charles Howson, Esq., No. 119 South Fourth street. 
: Monpay, April 20, 1885. 
Met pursuant to adjournment, at 12 o’clock M., at the office of 
Charles Howson, Esq., No. 119 South Fourth street. 


Present: FURMAN SHEPPARD, Esq., Counsel for Respondents ; 
CHARLES Howson, Esoq., of Counsel for Complainants. 

Mr. SHEPPARD, counsel for defendants, rests. 

Mr. Howson, of counsel for complainants, says : — 

That in order to enable the case to be argued at this term of the 
court, complainants consent to go to hearing without offering evidence 
in reply, reserving, however, the right to put in further proofs in case 
for ary reason the cause shall be continued or go over to a later term 
of the court. | 
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; TO THE REIS TELEPHONE. 


No. 5. REPORT OF REIS LECTURE. 
T FRANKFURTER CONVERSATIONSBLATT, Nov. 29th, 1861. 
Reproduction des Schalles durch den galvanischen strom (Frankfurt). 
“ Reproduction of sound by the galvanic current” (Frankfort). 

‘ For this new discovery, which rightly excites the greatest interest, 
we have to thank Mr. Reis, teacher in Friedrichsdorf. He has suc- 
ceeded after many experiments in solving, up to a certain point at 

least, this problem, which up to the present has been considered in- 

solvable. 

Of all the new discoveries in natural science there are none of so 
general advantage and which so enter into our practical life as those 
in the domain of chemistry and physics; in the latter galvanism in its 
application to electro-plating and telegraphy has achieved remarkable 
| results. At the moment when telegraphy has attained a place in our 
social life, there begins, perhaps, for the same a new era in the fact 
that as we in telegraphy make ourselves understood by means of 
signs, in this we can make ourselves understood by means of tones at 
a distance. 

Mr. Reis has constructed in a very ingenious manner an apparatus 
by means of which he has shown some perfectly successful experi- 
ments before a large audience in the physical society in this city. 

He has made a very happy use of the earlier discovery that the 
iron core of a wire helix produces tones by the interruptions of the 
current following each other at very short periods. 

His apparatus for receiving the sound is based upon the arrange- 
‘ ’ ment of the human ear. It consists in the first place of a funnel-shaped 

cavity [to represent the cartilage of the ear] to receive the sound, 

closed at its narrower part by a membrane, upon which 1s fastened an 

. elastic strip of platinum which is connected with one of the circuit 

wires, while the former is in electric connection with the other pole 
of the battery. 

As soon, then, as the sound-waves set the membrane in vibration, 
the elastic strip of metal fastened to the same will make the same 
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vibrations, will alternately rise and fall, thereby touching the other 
elastic strip and so making and breaking the current. 

The reproduction of the sound by the galvanic current, for it is 
only such and not a conduction of the sound, is brought about itn the 
manner specified above. Into a wire helix, included in the circuit, 
is placed a thin metal rod—e. ¢., a knitting-needle—which appara- 


) 


tus, in order to increase the tone, is placed upon an easily vibrating 
support, a resonant box. By means of the current now made, now 
broken, the iron rod is also set into vibrations, which are communi- 
cated to our ear and there reproduce the sound. 

The vibrations of the iron rod correspond with those of the mem- 
brane; but as the pitch of the tones is dependent upon the times of 
vibration of the sounding body, the lower tones escape our notice, 
while the higher ones are especially noticed. 

Up to the present the reproduction of the tones is indeed weak, and 
words cannot be reproduced. We leave here the question as to 
whether this hereafter will be successfully accomplished. 

Mr. Pritz, instrument maker, has just constructed a new instrument 
with some improvements, and Professor Boettger will hereafter make 
experiments with it in the physical society, to which we shall at times 
call attention. 


No.6. REIS LECTURE. 


JAHRES-BERICHT DES PHYSIKALISCHEN VEREINS ZU FRANKFURT AM 
MAIN ; FUR DAS RECHNUNGS JAHR, 1860-1861. 


Yearly Report of the Physical Society at Frankfort-a-M., 1860-1861, 
—_— ee ° > 
pp. 57-64 (published in 1862). 


“On telephony by means of the galvanic current, by Philipp Reis.” 


The extraordinary results in the field of telegraphy have probably 
often raised the question, If it might not be possible to transmit 
musical tones themselves [Tonsprache] to a distance? Experiments 
made in this direction could not, however, produce any result at all 
satisfactory, because the vibrations of conducting media soon lose 
their intensity to such an extent that they are no longer appreciable 
by our senses. 

A reproduction of tones | Tonen 


| at certain distances by means of 
a galvanic current has probably been thought of, but the practical 
solution of this problem has certainly seemed the most doubtful to 
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the very persons who, from their knowledge and appliances, were in 
the best condition to attack it. To a person having only a superficial 
knowledge of physics the problem presents far less difficulties, simply 
because the most of them are unperceived. About nine years ago I 
also (having an extraordinary enthusiasm for what was new, and an 
insufficient knowledge of physics) had the boldness to attempt the so- 
lution, but was soon forced to desist because the very first experiment 
convinced me of the impossibility of its solution. 

Later, after further study and experience, I came to see that my 
first experiment had been a very rough and by no means conclusive 
one; I did not, however, follow up the subject seriously, because I 
did not fee! myself equal to the difficulties in the way. 

Youthful impressions, however, are strong, and therefore not easily 
effaced. I could never get rid of the thought of that first experiment 
and its occasion, notwithstanding all that reason says to the contrary, 
and thus, half unwillingly, this project of my youth was reviewed in 
hours of leisure; the difficulties and the means for overcoming them 
were weighed ; but for the present, at least, no experiment was made. 

How indeed could a single instrument reproduce the combined 
effect of all the organs occupied in human speech? This was always 
the cardinal question; finally I got the notion of putting the question 
in another way :—- 

How is our car affected by the totality of vibrations produced by 
the organs of speech all simultaneously active? Or more gener- 
ally, 

How are we affected by the vibrations of several simultaneously 
sounding bodies ? 

To answer this question, we must, in the first place, understand 
what must happen in order that we may perceive a single tone. 

Without our ear, any tone is nothing else than a recurrent conden- 
sation and rarefaction of some body repeated at least seven or eight 
times ina second. If this occurs in the same medium in which we 
are, the membrane of the ear is at each condensation forced towards 
the middle ear, to be moved at the subsequent rarefaction in the 
opposite direction. These vibrations produce a synchronous raising 
and falling of the hammer upon ‘the anvil (according to other au- 
thorities, an approach or receding of the ear-bone particles), and a 
similar number of tremors in the fluid of the ‘cochlea, in which the 
filaments of the auditory nerve are distributed. The greater the 
condensation of the conducting medium at any given moment, the 
greater is the amplitude of vibration of the membrane and hammer, 
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and consequently the more powerful the blow upon the anvil and the 
vibration of the nerves by means of the fluid. 

The office of our organs of hearing is, therefore, to transmit with 
certainty up to the auditory nerve every condensation and rarefaction 
occurring in the surrounding medium. But the office of the auditory 
nerve is to bring to our consciousness the vibrations of matter which 
have occurred in a given time, both as regards number and amplitude. 
Here, for the first time, certain combinations receive a name; here, 
certain vibrations are foues or notses | Tne oder miisstone |. 

What our auditory nerve perceives is, then, simply the effect of 
a force coming within the range of consciousness, and this force can 
be represented both as to duration and magnitude graphically by a 
curve. 

Let a 6 represent any given time, and the curve above the line con- 
densation (++), the curve below the line rarefaction (—), then any or- 
dinate raised from the end of any abscissa will represent the degree of 
condensation, at the time represented by its base, in consequence of 
which the drum of the ear vibrates. 


Our ear can under no circumstance appreciate more than can be 
represented by these curves, and this indeed is entirely sufficient to 
give us a clear perception of any tone [ton] or any combination of 
tones. 

If several tones [tonen] are produced at the same time, the con- 
ducting medium is subjected to the influence of several simultaneous 
forces, the two following laws will hold good: If the forces act in the 
same direction, the amplitude is proportional to the sum of the forces ; 
if the forces act in opposite directions, the amplitudes are propor- 
tional to the difference of the opposing forces. 

If, for example, in the case. of three tones, we draw the curve of 
condensation of each separately, then by a summation of the ordinates 
of corresponding abscissas, we can determine new ordinates and de- 
velop a new curve, which might be called the combination curve, 
This represents exactly what our ear perceives of the three simul- 
taneous tones. The fact that the musician can distinguish the three 
tones need not surprise us any more than the fact that any one ac- 
quainted with the theory of colors can in green discover blue and 
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yellow; but the combination curves in Plate I. show that this diff- 
culty is a slight one, for in these curves all the relations of the com- 
ponents successively recur. In the case of chords of more than 
three notes the relations are not so readily seen from the drawing, 
Plate II., for example. In the case of such chords, however, the 


skilled musician also finds difficulty in recognizing the separate 


notes. 

Plate III. illustrates discord [Dissonanz]. Why discords impress 
us unpleasantly I will leave my readers to judge at this time, though 
I may perhaps return to the subject subsequently in another paper. 

From the preceding it follows :— 

first—Every tone [Ton] and every combination of tones, on strik- 
ing our ear, causes vibrations of the drum of the ear, the succession 
of which may be represented by a curve. 

Second—The succession of these vibrations alone gives us a con- 
ception (sensation) of the tone, and every alteration changes the con- 
ception (sensation). 

As soon, then, as it is possible to produce, anywhere and in any 
manner, vibrations whose curves shall be the same as those of any 
given tone or combination of tones, we shall receive the same im- 
pression as that tone or combination of tones would have produced 
on US. 

With the above principles as a foundation, I have succeeded in con- 


structing an apparatus with which I am enabled to reproduce the tones 


of various instruments, and even to a certain extent the human voice. 
It is very simple, and by means of the figure will be easily understood 
from the following explanation :— 
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In the cubical block of wood rs ¢ uv w x there is a conical per- 
foration a, closed at one end by a membrane 6 (pig’s intestine), upon 
the middle of which there is cemented a conducting strip of platinum ; 
this is connected with the binding screw p [auf deren mitte ein 
stromleitendes Streichen Platin feftgelittet ist. Dieses steht mit der 
klenme fin Verbindung]. From the binding screw x, another thin 
strip of metal [ein dunnes metallstreischen] extends until over the 
middle of the membrane, and ends here in a platinum wire placed at 
right angles to its length and surface. 

From the binding screw /, a conducting wire runs through the 
battery to the distant station, being connected with a coil of silk- 
covered copper wire, and this again is connected with a conductor 
leading back to the binding screw x. 

The coil at the distant station 1s about six inches long, is composed 
of six layers of fine wire, and, as a core in its centre, has a knitting- 
needle which projects about two inches at both ends. By means of 
the projecting ends, the coil rests upon two bridges of a resonant 
case. (All this part can of course be replaced by any other apparatus 
galvanic tones” can be pro- 


éé 


by means of which the well-known 
duced. ) 

If now tones or combinations of tones are produced in the neigh- 
borhood of the block, so that sufficiently powerful waves enter the 
opening a, then these sounds cause the membrane 6 to vibrate. At 
the first condensation the hammer-like wire d is pushed back; at the 
rarefaction it cannot follow the retreating membrane, and the current 
traversing the strip remains broken [Strom bleibt so lange unter- 
brochen bis, &c.], until the membrane forced by a new condensation 
again presses the strip (proceeding from /f) against d. In this way 
each sound wave causes a breaking and closing |ein Oeffnen und ein 
Schliessen] of the current [Stromes]. 

At each closing [Schliessen] of the circuit [kette] the atoms of the 
iron wire inside the distant spiral are moved away from each other 
(Pouillet Muller, page 304, Vol. II., fifth edition); on breaking the 
circuit [beim unterbrechen des Stromes] these atoms seek to regain 
their position of equilibrium. When this happens, in consequence of 
the reciprocal actions of elasticity and inertia, a number of vibrations 
are produced, and they give the longitudinal sound of the rod (see 
as above). This is the case of the making and breaking of the cur- 
rent [Unterbrechungen und Schliessungen des Stromes] occur with 
comparative slowness. If they occur more rapidly than the oscillations 
of the iron core, due to its elasticity, the atoms cannot complete 
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their course. The paths described become shorter in proportion as 
the interruptions are more frequent, but then are just as numerous as 
these. 

The iron wire no longer gives its longitudinal (normal) tone, but a 
tone whose pitch corresponds to the number of interruptions [ Unter- 
brechungen] (in a given time); this is the same as saying that the rod 
reproduces the tone {ton] zmpressed upon the interrupter |dem Unter- 
brechungs apparat]. The intensity also of this tone is proportional 
to that of the original one, for in proportion as this is more intense 
the motions of.the membrane are greater; the motions of the ham- 
mer, also, and finally the time during which the circuit remains opened, 
is greater, and consequently up to a certain limit, the motions of the 
atoms in the reproducing wire are greater, we perceiving them as 
greater vibrations, in just the same way as we would have perceived 
the original sound wave. 

As the length of the conducting wire can undoubtedly be made 
as great as in direct telegraphy, I have called my instrument “ tele- 
‘‘ phone.” 

Now, in reference to the capabilities of the telephone, it may be 
stated that I was enabled to render audible to the members of a large 
assembly (The Physical Society at Frankford-a-M.), melodies which 
were sung not very loud into the apparatus in another house three 
hundred feet away, with closed doors. 

Other experiments showed that the sounding wire was capable of 
reproducing complete chords of three tones of a piano, upon which 
the telephone was placed, and that it reproduces equally well the tones 
of other instruments, accordion, clarinet, horn, organ pipes, &c., pro- 
vided that the tones are within the compass F—f. 

Of course, in all experiments, sufficient precautions were taken to 
insure that there was no direct conduction of sound. ‘This is very 
easily done by making a momentary short circuit immediately in front 
of the coil, by which means its action is temporarily interrupted. 

Hitherto it has not been possible to reproduce the tones of human 
speech [Tonsprache des Menschen] with a distinctness sufficient for 
every one. The consonants are for the most part reproduced pretty 
distinctly, but the vowels as yet not in an equal degree. The cause 
of this I will attempt to explain. 

According to the experiments of Willis, Helmholtz, and others, 
vowel tones can be produced artificially, if the vibrations of one body 
are from time to time augmented by those of another, somewhat as 
follows :-— 
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An elastic spring is set in vibration by the blow of a tooth ona 
toothed wheel; the first vibration is the greatest, and each subsequent 
one is smaller than the preceeding. 


antag 


nd 


If, after a few vibrations of this kind (the spring not coming to rest 
in the mean time), the tooth wheel imparts a new stroke, the follow- 
ing vibration will be again a maximum, and so on. 

The pitch of the tone produced in this way depends upon the num- 
ber of vibrations in a given time, but the character of the tone upon 
the number of swellings [Anschwellungen] in the same time. Two 
vowels having the same pitch would differ in about the way repre- 
sented by the curves (Figs. 1, 2), while the same tone without any 
vowel character would be represented by the curve (Fig. 3). 


i ite’ 2 73N s fir 2 Zi>..4 i. 
Y/Y — a 


zo 
. 
> 
{ 
) 
be 

O'1 
> 
wo 
) 


) 
| 
) 
| 
) 


Our organs of speech probably produce the vowels in the same 
manner, through the combined action of the upper and lower vocal 
cords, or of these latter and the cavity of the mouth. 

My apparatus reproduces the number of vibrations, but with an in- 
tensity much less than that of the original ones; though, as I have 
reason to believe, to a certain degree proportional among themselves. 
But in the case of these generally small vibrations, the difference be- 
tween large and small vibrations is more difficult to preceive than in 
the case of the original waves, and the vowel is therefore more or less 
indistinct. 

Whether or not my views as to the curves corresponding to sound 
combinations are correct could perhaps be decided by means of the 
new phonautograph of Duhamel (“ Vierordt Physiology,” page 254). 
It may be that for the practical application of the telephone much 
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remains to be done; for physics it has already sufficient interest, from 
the fact that it opens a new field for research. /7viedrichsdorf, near 


Frankford-a-M., December, 1861. 


No. 7, REIS EXHIBITION OF 1861. 
FORTSCHRITTE DER PHYSIK, XVII., FOR I861, pp. 171-3. 


Pu. Reis. TZelephony by means of the electric current. (Annual 


Report of the Physical Society of Frankford on the Main, 1860-1, 
« PP. 57-64.) 


By the name “ Telephone” the author designates the following ap- 
paratus of his own construction by means of which and with the 
help of the galvanic current he is enabled “to reproduce at a distance 
the tones [Tonen] of different instruments and even to a certain de- 
gree the human voice.” 

A wooden cube is bored through from one of the faces to the 
opposite one, the cavity taking the shape of a cone; the smaller open- 
ing is closed by means of a membrane (hog’s intestine, Schweins- 
dinndarm). On the middle of the membrane and parallel with it is a 
thin strip of platinum cemented fast at one end whilst the other end 
is held by a binding post [klemme] /. From another binding post g 
extends a similar thin strip of metal as far as over the centre of the 
membrane, and carries a little platinum wire directed towards the 
membrane at right angles to the strip and the surface of the mem- 
brane. From binding post fa conductor leads through a battery to 
a distant coil, which again is connected by another wire to binding 
post g. 

The coil at the distant station is about six inches long, consists of 


® 


six layers of thin wire, and encloses as a core a knitting-needle which 
protrudes about two inches at each end. By these protruding ends 
the coil is supported on two bridges of a sound-board. If now tones 
or combinations of tones are produced in the vicinity of the large 
opening of the conical cavity so that sufficiently strong waves enter it, 
these waves will set the membrane into vibration; by the outward mo- 
tion of the membrane the platinum strip cemented on it is pressed against 
the hammer-shaped wire d@ and the galvanic current [strom] is closed 
[| geschlossen| ; by the inward motion of the membrane the current is 
reopened. The alternate magnetizings and demagnetizings of the 


an 
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core of the coil resulting therefrom will bring forth, if the alternation is 
slow, the longitudinal tone of the core, and if the alternation [aufein- 
anderfolge| is quicker, a longitudinal vibration of the same, the period 
of which corresponds to the period of the interruptions of the current 
[unterbrechungen des stromes] or of the vibrations of the membrane, 
and consequently to the rate or pitch of the tone which entered the 
conical cavity. That means, according to the author, that “The rod 
“T stab] reproduces the tone which was impressed upon the interrupt- 
“ing apparatus [unterbrechungs apparat].’ “The strength of this 
“tone is also proportionate to the original tone, for,” as the author, 
though not very accurately, explains, “the stronger this is the greater 
“the motion of the little hammer, the greater finally the time during 
“which the circuit remains open, and consequently the greater, up to 
“a certain limit, the motion of the atoms in the reproducing rod, which 
“motions affect us as greater vibrations, as the original wave itself 
“would have done.” By means of this telephone the author made 
audible to the members of a large meeting of the Physical Society in 
Frankfort-a-M. melodies-sung not very loud into the apparatus, 
in a house situated about 300 feet distant, with closed doors. 
“ Other trials showed that the resounding rod 1s capable of reproducing 
“full chords [dreiklange] of a piano on which the telephone rests, and 
“that, in short, it reproduces just as well the tones of other instru- 
“ments, such as the harmonica, clarinet, horn, organ pipe, &c., pro- 
“vided the tones are within a certain range, from F to f* or there- 


‘ 


r 


about. 

“As a matter of course, sufficient care was taken to ascertain 
“whether direct transmission of the sounds had nota share in the 
result. This was ascertained very simply by establishing for a 
“oiven time a good shunt circuit directly before the coil, in con- 
“sequence of which, of course, the activity of the latter ceased for that 


~ 
~ 


~ 


time. 
“It was not possible thus far to reproduce spoken tones [Ton- 
“sprache des menschen] with a distinctness satisfactory to all; the 


~ 


‘consonants are for the most part distinctly reproduced, the vowels 
“not in the same degree.” The author attempts to explain this im- 
perfect reproduction of the vowels by saying that the apparatus repro- 
duces the vibrations to a certain extent indeed with proportionate, but 
also reduced strength, and the ear can no longer satisfactorily discern 
the relation of the proportionately great vibrations which determine 
the pitch [Tonhohe] to the small vibrations on which vocal quality 
[vocal Farbe] depends. 
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Journal of the German-Austrian Telegraph Association, V. 9, p. 1, 1862. 


Concerning the reproduction of sounds by means of galvanic electricity: 
by V. Legat, Royal Prussian Telegraph Inspector at Cassel, accom- 
panied by copperplates VITT, and IX. 


It might not be uninteresting to make known, in wider circles, the 
following ideas lately communicated by Mr. Philp Reis to the So- 
ciety of Physics, and to the meetings of the Free German Institute, 
at Frankfort on the Main, concerning the reproduction of tones 
[Tonen] by means of galvanic electricity, and, also, what has been 
hitherto accomplished towards the realization of this project, in order 


‘that the accumulated experiments may serve as a foundation to build 
upon, and that the capacity of the electric current, which by human 
ingenuity has already been made serviceable for correspondence, may 
be developed in this direction also. 

In this essay we shall not deal with the electric current as to its 
capacity for operating telegraphic apparatus of whatever construction 
for the reproduction of zzszble signs, but of the application of this 
aa current to the production of audible signals, of tones | Tonen]. 

7 9 The air waves, which by acting upon the ear excite in us the sen- 
ew sation of sound by primarily setting the typanum of the ear into 

vibratory motion, are, as 1s well known, transmitted to the interior 
| parts of the ear and to the auditory nerves there located by means of 
a lever apparatus of wonderful delicacy, the auditory bones (hammer, 
anvil, stirrup); and the attempt to reproduce tones therefore depends 
upon this, to actuate an artificial imitation of this lever apparatus by 
means of the vibrations of a membrane corresponding to the mem- 
brane of the ear drum, and thereby to open and close (zum Oeffnen 


u. Schliessen) a galvanic circuit, connected with a distant station by a 
metallic conductor. 

Before describing the apparatus to be used, it would be proper to 
fe « inquire how our ear apprehends the vibrations of any one particular 
tone, and the combined vibrations of all simultaneous tones acting 
upon it, because thereby we may determine the operations which are 
to be performed by the transmitting and receiving apparatus in the 
solution of the problem. 

Examining first the processes which take place in order that the 
human ear may apprehend any single tone, we find that each tone is 
the result of alternate rarefactions and condensations repeated within 


7 


134 PUBLICATIONS RELATING TO THE REIS TELEPHONE. 


a fixed time. If this operation occurs in the same medium in which 
the ear is placed, then at each condensation the membrane ts forced 
toward the cavity of the drum, and toward the opposite side at each 
rarefaction. 

These vibrations cause corresponding movements in the auditory 
bones, and are thereby transmitted to the auditory nerves. 

The greater the degree of condensation of the sound-conducting 
medium is at a given time, the greater will be the amplitude of 
vibration of the membrane and auditory bones, and the greater the 
consequent result; and in the opposite case, so much the weaker. 
Hence it is evidently the function of the auditory apparatus to impart 
with faithfulness to the auditory nerves every condensation and rare- 
faction which occurs in the surrounding medium, On the other hand, 
the function of transmitting to our consciousness both the number 
and amplitude of the resulting vibrations occurring within a given 
time devolves upon the auditory nerves. 

It is here, in our consciousness, that a certain complex phenome- 
non receives a specific name; it is here, in our consciousness, that the 
transmitted vibrations become tones [Tonen ]. 

Accordingly, that which is apprehended by the auditory nerves is 
the effect of a force, reaching to our consciousness, and which can be 
made more easy of comprehension, as to its duration and strength, 
by graphical delineation. 

For example, let the length of the line a@—-d represent a definite 
period of time, the curves above this line the condensations (-++), 


LAWHAgb 


and the curves below this line the rarefactions (—); then every or- 
dinate erected at the end of any abscissa will indicate at the moment 
of time indicated by this abscissa, the degree of condensation in con- 
sequence of which the membrane of the drum vibrates. 

The ear is not capable of perceiving more than can be represented 
in this way, or more than can be represented by similar curves; this 
is, however, sufficient to convey to our consciousness any single tone 
[Ton] or any required combinations of tones. For if several tones 
are generated simultaneously, then the tone-imparting medium is in- 
fluenced by several forces, acting at the same time, and subject to 
mechanical laws. 

If all the forces act in the same direction, then the amount of 
motion is in proportion to the sum of all the forces; if on the other 
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hand the forces act in opposing directions, then the amount of 
motion is in proportion to the difference between the opposing forces. 

From these principles it follows that the curves representing the 
condensations of a number of simultaneously generated tones may 
be combined in a single curve of condensation, which will indicate 
with precision what our ear apprehends through the reception of these 


simultaneously actin 


« 


& tones. 


The objection generally made to this proposition, that a musician, 
or any person, is able to distinguish the simple tones out of which 
these composite curves are formed or arise, should not be allowed to 
militate against it; as it is also possible for some who are familiar 


with the study of colors to 


4 


distinguish, in green, for example, the 


mixture of yellow and blue, in their varied shades ; and the one phe- 
nomenon as well as the other is referable to the fact that each ob- 


server is very familiar with the factors of that product which has been 


conveyed to his consciousness. 
By the explanations heretofore given, it is easy to construct the 
curves representing the condensations of various tones, chords, &c., 


and afew examples are given by way of illustration :— 
Fig. 1, Plate VIII, represents a composite curve formed of three 
tones, in which all the proportions of the components recur suc- 


cessively. 


~ 


Fig. 2 represents a similar curve formed of more than three 


> a 


tones; in this case, however, it is no longer possible to represent the 


proportions so clearly in the drawing, yet an experienced musician 
will be able to discern them even here, although in practice it. might 
be difficult for him to recognize the separate tones in such a chord. 
The advantage of representing the operation of tones upon the 
human ear after this manner is that it gives the clearest view possi- 
ble of the course of the process; the representation here given also 
shows why a discord [dissonanz], Fig. 3, must affect the ear 


disagreeably. 
2D 


This apparent digression from the subject under consideration was 
necessary to demonstrate that as soon as we are able, in any place 
and in any manner, to reproduce vibrations of such curves and inten- 
sities as are equivalent to the curves and intensities of the vibrations 
of any particular tone, or of any particular combination of tones, we 
shall have the same impressions as were produced upon us by this 
original tone, or these original combinations of tones. 

The apparatus described hereafter offers the possibility of produc- 


ing these vibrations in every manner desired; and by the use of gal- 
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vanic electricity it is possible to evoke, at any distance, vibrations 
like [ gleiche] those which have been so produced, and in this way to 
reproduce at any place the tones which have been generated at an- 
other place. 

In Plate IX., Fig. 4 A is the tone transmitter [Tonangeber], and 
B the tone receiver [Tonenppfanger], and these two instruments are 
set up at different stations. I must observe at the outset that the 
arrangement of the instruments for sending backwards and forwards 
is omitted for greater clearness; and likewise, as the whole thing is 
not presented as a completed fact, but only to call to the notice of a 
wider circle what has been already ascertained, the possibility of the 
working of the apparatus at a distance greater than the limited direct 
working allows at present is left out of consideration, since these 
points are easily accomplished by mechanical arrangements and since 
the most important facts of the phenomena treated are not influenced 
thereby. 

Let us now turn to the tone transmitter, Fig. 4 A. This on the one 
hand is connected by the metallic conductor with the tone receiver, 
Fig. 4 B, at a neighboring station; on the other hand it is connected 
by means of the electric battery C with the earth, or with the metallic 
return conductor. The tone transmitter, Fig. 4 A, consists of a coni- 
cal tube @ 4, about 15 centimetres in length, having a front opening 
of about 10 centimetres, and a rear opening of about 4 centimetres. 

It appears by practical experiments that neither the material of this 
tube nor any increase in its length influenced the accuracy of the 
action of the apparatus. An enlargement of the diameter of the tube 
impairs the working of the apparatus, and it is desirable that the inner 
surface of the tube be as smooth as possible. The smaller or rear 
end of the tube is closed by a collodion membrane oa, and upon the 
centre of the circular surface of this membrane rests one end c of the 
lever c ad, the supporting point ¢ of which is sustained by a bracket, 
and is kept in electrical connection with the metallic conductor. The 
proper lengths of the respective arms c e¢ and e d of this lever are 
regulated by the laws of the lever. It is advisable to make the armc e 
longer than the arm e¢ d, in order that the least motion at ¢ may 
operate with greatest effect at d. It is also desirable that the lever 
itself be made as light as possible, that it may follow the movements 
of the membrane. Any inaccuracy in the operation of the lever c d 
in this respect will produce false tones at the receiving station. When 
in a state of rest the contact at d ¢ is closed, and a delicate spring x 
maintains the lever in this position. 
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The second part of the apparatus, the standard /, consists of a me- 
tallic support, connected with one pole of the battery C, the other 
pole of which is connected to the earth, or to a metallic return wire 
leading to the other station. 

Upon the standard / is arranged a spring g, with a contact-point 
corresponding to the contact-point d of the lever ¢ d; the position of 
g is regulated by the screw /. 

In order not to impair the operation of the apparatus by the action 
of the air-waves against the rear side of the membrane, it is desirable 
to place a disc of about fifty centimetres in diameter at right angles 
to the longitudinal axis of the tube a 4; this disc may be attached to 
the tube by a fastening surrounding its outer circumference. 

The tone receiver, Fig. 4 B, consists of an electro-magnet 72 2, 
which rests upon a sounding-board x w; its coil is connected respec- 
tively with the metallic conductor and the earth or the metallic re- 
turn conductor. 

Facing the electro-magnet 7 7 is an armature, to which is attached 


a very long but light and broad lever z. 
The lever z with the armature is suspended from the standard & in 
gulated by means of 


< 


the manner of a pendulum, its motion being re 
the screw / and the spring ¢. 

In order to increase the capacity of the apparatus, the tone receiver 
may be placed at one of the focal points of an elliptical chamber of 
suitable size, and the listener may place his ear at the other focus of 


this chamber. 

The operation of the apparatus described is as follows :— 

When at rest the galvanic circuit [kette] is closed. When the air, 
which is in the tube @ 6 of the apparatus, Fig. 4 A, is alternately con- 
densed and rarefied, by speaking into it (or by singing or introduc- 
ing the tones of an instrument), a movement of the membrane closing 


the smaller opening of the tube is produced, corresponding to such 


condensation or rarefaction. The lever cd follows the movements of 


the membrane, and opens and closes [O6ffnet und schliesst] the gal- 
vanic circuit [kette] at d g, so that at each condensation of the air in 


the tube the circuit is opened, and at each rarefaction the circuit is 
closed [ein Oeffnen und ein Schliessen erfolgt ]. 
In consequence of this operation, the electro-magnet of the appara- 


tus, Fig. 4 B, in accordance with the condensations and rarefactions of 
the column of air in the tube a 4, Fig. 4 B, is correspondingly demag- 
netized and magnetized [demagnetisirt und magnetisirt] and the 
armature of the magnet is set into vibrations like those of the mem- 
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brane in the transmitting apparatus. But the beam [ Balken] z attached 
to the armature communicates these corresponding vibrations of the 
armature to the air surrounding the apparatus Fig. 4 B, which finally 
transmits the vibrations so produced to the ear of the listener. 

We have not here to consider the question of the transmission 
| Fortpflanzung] of tones by means of the galvanic current, but only 
of the conveyance [Uebertragung] of generated sounds to another 


place, and in this way that at the latter place a similar cause is pro- . 


duced, and a similar effect obtained. It must not be ignored, how- 
ever, that while the apparatus described reproduces the exact number 
of the original vibrations, but not of the same strength (die gleiche 


> 


starke der reproducirten schwingungen noch nicht erreicht wurde) ; 


and that the achievement of this result is reserved for an improve- 
ment of the apparatus. 

In consequence of the imperfection of the apparatus at this time, 
the minor differences of the original vibrations are distinguishable 
with more difficulty—that is, the vowel sounds appear more or less 
indistinct—inasmuch as each tone depends not merely upon the num- 
ber of the vibrations of the medium, but also upon its condensation 
and rarefaction. 

This also explains why chords and melodies were transmitted with 
marvelous accuracy in the practical experiments hitherto made, 
while single words in reading, speaking, &c., were less distinctly 
recognizable, although even in these the inflections of the voice, as 
in interrogation, exclamation, surprise, calling, &c., were clearly re- 
produced. 

There is no doubt that the subject we have been considering, before 
it becomes practically valuable for use, will require considerable im- 
provement; it will especially be necessary to perfect the mechanism 
of the apparatus to be employed; but I am convinced, by repeated 
practical experiments, that it is of the greatest theoretic interest to 
pursue these investigations, and also that a development of practical 
value will not elude our intelligent century. 


Nos. 9, 10, 11,5 INDUSTRIAL GAZETTE. 
“ Deutsche Industrie Zeitung,’ 1863, Chemnits. 
No. 9, April 17th, 1863, No. 16, page 184 :— 
“Industrial queries for exciting interest and eliciting responses. 
“Of late there has been talk in newspapers about producing defi- 
‘nite tones at a distance, similarly to telegraphic dispatches, such, 
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“for instance, as conducting the acoustic effects of an instrument far 
“beyond the reach of the audibility of its sound. Do these com- 
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‘munications rest upon actual facts ?”’ 


No. 10, May Ist, 1863, No. 18, page 208 :— 

‘Answers. Answer to question in No. 16, page 184. Transmission 
of Tones by Electricity. According to the ‘ Bottger’s Notizblatt,’ 
1863, No. 6, successful experiments in ‘telephony’ were made in 
October, 1861, at Frankfort-a-M. by Professor Ph. Reis, so that it 


‘seems not impossible to carry on conversations at miles distance, 


and even to convey the voice itself with its peculiar undulations, 
and also the tones of a musical instrument. Heretofore the voice 
could be reproduced from one house to another only for a dis- 
tance of 300 feet by means of a peculiar and ingenious appa- 
ratus. The arrangement of the same was essentially as follows: 
The waves of sound were taken up by an elastic surface, and trans- 
mitted to a light commutator introduced into the circuit of a gal- 
vanic battery [einer federnden cummutator eingeschaltet in den 
Leitungsdraht]. At the other end of the line was introduced a coil 
of copper wire, inside of which was an iron wire resting upon a 
sounding-board, that was thrown into sonorous vibrations by the 
changes of current depending upon the waves of sound.” 


No. 11, May 29th, 1863, No. 22, page 240. 

Lhe reproduction of tones by electro-galvanic means (with a drawing, 
‘“ cwhich is the same as the drawing of the apparatus in the Legat artt- 
“cle, No. 8, pp. 539-45 supra). 


“ Although this subject has already been discussed by us (No. 18, 


‘page 208), on account of the great interest it offers we shall return 


to it more in detail. We enclose a drawing of an apparatus used by 
Mr. Ph. Reis, in Frankfort-a-M., taken from the Zeitschrift des 
Deutsch-Oestereichschen Telegraphen Vereins, 1862, folios 6, 7,and 
8. We take the liberty of following the lead of the above-mentioned 


‘source in entering into a short discussion of the nature of tones. 


g 
“The undulations of the air that excite in us, by operating upon 
the ear, the sensation of sound, by setting the drum of the ear into 
vibration, are transmitted, as is well known, by a series of levers of 
admirable delicacy ; that is, by the small bones of the ear (hammer, 


‘anvil, and stirrup) to the inner portion of the ear, and to the nerves 


that lie at that point. The attempt to reproduce tones depends 
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upon the following: To set in motion an artificial imitation of this 

series of levers by the vibration of a membrane which takes the 
‘place of the drum, and to make use of them to open and close a 

galvanic circuit which is connected by a metallic conductor with a 
remote station. 

“If we take into consideration the phenomena that take place when 
we perceive a sound by the sense of hearing, we find that every tone 
is the result of rarefactions and condensations of the air repeated 
several times in a certain period. At every condensation the mem- 
brane of the drum is pressed inwards, and at every rarefaction out- 

‘wards. These vibrations produce a simultaneous motion of the 
small bones of the ear and a consequent transmission to the nerves 
of the ear. The greater the compression of the sound-conducting 
medium at any particular moment, the greater is also the ampli- 
tude of vibration of the membrane and small bones of the ear, and 

vice versa. The object, therefore, of the organs of hearing is to 

‘transmit with certainty the rarefactions and condensations of the 
sound-conducting medium to the nerves of hearing. On the other 

‘hand, it remains their object to bring to our perception the vibrations 
occurring in a given time with reference to number as well as to 
‘amplitude. It is only in our perceptions that a given combination 

‘receives a definite name, that vibrations become sounds. 

“ Anything other than the effect of such single vibrations the organs 
‘of hearing are unable to take up, and these organs themselves are 
competent to perceive single tones as well as combinations of tones, 

“for if several tones are produced at the same time the sound-con- 
‘ducting medium is under the influence of several simultaneous 
forces which according to the laws of mechanics can be replaced by 
a force which produces the same effect as all the single ones together. 

If all the forces operate in the same direction the magnitude of the 
motion is proportional to the sum; if they operate in opposite di- 
rections the magnitude of the motion is proportional to the differ- 

“ence of the opposite forces. In that way several simultaneous tones 

‘operate upon our hearing simply by a definite alternation of rarefac- 

“tions and condensations of the sound-conducting medium, as in the 

“case of single tones. The tone itself depends apparently only upon 

“the number of vibrations and the power upon the amplitude of the 

“vibrations (perhaps also the strength) 

“Now, as regards the apparatus, the upper figure is the transmitter 

“and the lower one the receiver or reproducer. 

“The transmitter consists of a metallic conical pipe @ 6, about 15 
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“centimetres in length, 10 in diameter at @ and 4 in diameter at @. 
“At 4 the opening is closed by a membrane oa of collodion stretched 
“tioht. Upon the centre of the same rests the end c of lever c¢ d, 
‘“whose fulcrum is placed at eon a support. The lever is to be made 
“as light as possible, and its arm ¢ longer than its arm d, so that the 
“smallest motion at ¢ will operate at d with the greatest amount of 
“force. In the condition of rest the contact d ¢ is closed and a weak 
“spring 7 holds the lever fast in this position of rest. Besides, there 
“is attached to the apparatusa metallic standard /, connected with one 
“pole of the battery, while the other pole is led to the ground 
“through c. On the standard / is secured the spring 7 opposite the 
“contact-point d of lever ¢ dat d, the position of which (spring) can 
“be regulated by a screw /. 

“The receiver consists of an electro-magnet 7 7 resting upon a 
sounding-board R, and whose coils are in connection with a metallic 
conductor and with the earth at E. Opposite the electro-magnet 
“is an armature connected with a lever, as long as possible, but light 
“and broad. This lever is fastened to the support & after the manner 
“of a pendulum, and its motions are regulated by a screw 6 and 
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spring ¢. 

“To increase the efficiency of the apparatus the receiver and repro- 
“ducer can be set up in one focus of an elliptical concavity of proper 
“size, while the listening ear of the hearer is placed in the other 
focus. 

“The operation of the apparatus is now as follows: The tones of 
“the voice or of an instrument are conducted into the conical pipe @ 
“6. By reason of their vibration the membrane is set into similar 
“vibration, and in this way operates the opening and closing of the 
‘electric conductor. In consequence of this the magnet in the 
“receiver will be magnetized and demagnetized corresponding to the 
“vibration of the tones, and the armature of the lever 7 is set in vi- 


46 


brations corresponding to those of membrane 0. The wide surface 


‘of lever z transmits these vibrations to the air, and by this means 
<é 


they reach the ear of the hearer. In this transmission of tones, the 


€6 


only question is one of transmission of vibrations, a problem that 
“magneto-electric telegraphy is certainly sufficiently far advanced to 
deal with. 

“A friendly communication was sent us some time ago by Mr. J. 
F. Quilling of Frankfort-a-M., according to which the capacity of 
the apparatus to transmit tones to a considerable distance clearly 
and with their characteristic timbre [ Klangfarbe] is fully established. 
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“Mr. Q. writes us that by means of the telegraphic conductor with 
“which the apparatus of Mr. Ph. Reis was connected, two remote 
“parts of the city were united, and although it was not possible with 
“the present construction of the apparatus to transmit spoken words 
“Tgesprochenen Worte], they succeeded so well with the tones that 
“were sung that not only were the melodies of songs reproduced dis- 
“tinctly and perfectly at a tolerably remote station, but known voices 
“could be recognized. All present capable of judging, Mr. Q. adds, 
“who availed themselves of the opportunity of witnessing the experi- 
“ment, agreed that the possibility is before us of making one’s self 
‘‘understood verbally at any distance in the way shown by Mr. Reis.” 


No. 12. BOTTGER’S ARTICLE. 


Bottger’s Polytechnisches Notizsblatt, 1863, No. 67. On the Transimis- 
ston of Tones at any desired Distance, by Means of Electricity. 

( Telephony.) 

Two decades ago the problem of giving signs, by means of elec- 
tricity, from distances had not yet been entirely solved. Since then 
telegraphy has reached such a perfection and telegraph wires have so 
greatly spread that even the keenest desires have not much left to ask 
for. 

Now there appears a first earnest trial to reproduce tones at any 
desired distance, by means of electricity. 

This first trial, which has- been crowned with success, has been re- 
peated in the lecture room of the Physical Society of Frankfort-on-the- 
Main, before numerous assembled members, on the 26th of October, 
1861, by Mr. Ph. Reis, teacher of natural sciences at Friedrichsdorf, 
near Frankfort. Into one part of his apparatus, located in a building 
about three hundred feet distant, and having all the doors and win- 
dows closed, melodies were sung, but not very loudly. The same 
could be heard by the members in the lecture room, through the 
second part of the apparatus. 

These wonderful results were attained with the following very 
simple apparatus: A small, light box, a kind of hollow wooden cube, 
has a larger opening in the front, and a smaller one on the opposite 
side. The latter is covered with a very fine membrane (sausage skin), 
and the same is tightly stretched; a small, flexible piece or strip of 
platina, fastened to the wood of the box, touches the membrane at its 
centre, and a second strip of platina is fastened by one end to the 
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wood ata different place, and has at its other end a fine horizontal 
point touching the other strip of platina, where it lies on the mem- 
brane. 

As is known, tones are produced by the rapid succession of con- 
densations and rarefactions of the air. If the vibrations of the air, 
called waves, strike the thin membrane, they push the same against 
the strip of platina that touches it, and then allow it to immediately 
vibrate back into the hollow cube (called the artificial ear), and so 
cause the membrane to assume forms alternately bent towards the 
cube and from the same. The strip of platina lying against the mem- 
brane is thus set into a swinging motion, so that it is alternately 
pressed on to the platinum point of the second strip and then leaves 
the same. 

If one of the strips is connected by a wire to one of the poles of a 
voltaic battery, and the electricity is conducted to any desired dis- 
tance by a wire connected to the other pole and is then carried through 
a helix six inches in length, wound with six layers of thin silk-cov- 
ered copper wire, and from there is carried back to the second strip 
of platina on the wooden cube by means of an insulated wire, then, 
at every vibration of the membrane, an interruption of the current of 
electricity [Unterbrechungen der Stromung der Electricitat] will be 
caused, as the point on the one strip of platina no longer touches the 
other strip. Through the hollow of the spiral a thin iron wire (a 
thick knitting-needle) about ten inches in length is passed, so that it 
projects out of each end of the spiral about two inches, and these pro- 
jecting ends each rest on a bridge of a sounding-board. 

It is known that if an electric current is passed through a helix 
that surrounds an iron wire, at every interruption a tone, produced 
by the vibrations of the iron wire, is audible. If the makings and 
breakings of the current [Unterbrechungen des Stromes] follow each 
other rather slowly, the different positions (in regard to the length of 
the bar) which the molecules will be caused to assume by the elec- 
tricity will produce a tone, its so-called proper longitudinal tone, 
which depends on the length and thickness of the bar or wire. 

If the interruptions and reconnections of the current [Unterbre- 
chungen des electrischen Stromes] in the spiral take place faster than 
the vibrations of the smallest parts of the wire, which in turn 
depends upon the elasticity of the wire, they cannot complete their 
course, receive new shocks, the vibrations get to be smaller but more 
rapid, and as numerous as the interruptions follow each other. The 
piece of wire no longer gives its longitudinal tone, but 2 tone which, 
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according to the number of interruptions in a certain time, is higher 
if they are more frequent and lower if they are less frequent. It is 
known that the pitch of a tone depends on the number of air-waves 
that follow each other in one second. We have seen that the number 
of interruptions of the electric current [Unterbrechungen des elec- 
trischen Stromes] by the membrane and the strips of platina is de- 
pendent upon this. | 

Consequently the iron wire must give a tone of the same pitch as 
the sound which was received by the membrane. As electricity 1s 
hardly impaired when conducted a great distance, if the proper 
apparatus is used, it is evident that a tone acting on a membrane in 
one place can be made audible at any desired distance by the iron wire. 

That the tone is made audible only by electric vibrations and not 
by direct transmission of the air-waves through the wires can be 
most strikingly proved by noticing the fact that no tone is heard at 
the spiral if a good short circuit be established ; z. ¢., if, for instance, 
a small strip of metal is laid across the two wires, directly in front 
of the spiral. The reproduced tones are weaker than the originals, 
but the number of vibrations is the same. It is easy to reproduce 
the tones in the proper pitch. As the vibrations are smaller, which 
is the cause of the weakness of the tone, itis much more difficult, 
however, for our ear to estimate the difference in the size of the 
vibrations. 

The character of a tone depends upon the number of swellings it 
has; 2. é., with tones of the same depth, consequently of the same 
number of waves per second, such as having the fourth, sixth, eighth, 
tenth, or sixteenth wave stronger than the rest. 

The physicists have shown that if a spring is vibrated by the teeth 
of a cog-wheel, the first vibration is the greatest, and every follow- 
ing one is smaller. If, however, before the spring comes to rest, 
another tooth strikes it, then the next vibration will be equal to the 
first strongest one, but the vibrations of the spring will not be any 
more numerous than before. Vowel tones can be artificially pro- 
duced in this way. 

Although we may be tar from being able to converse with a friend 
a hundred miles away and recognize his voice, as though he was sit- 
ting alongside of us, the impossibility of attaining this result can no 
more be claimed. 

The probability that this result will be attained is almost as great 
as, by the wonderful experiments of Niepce, the reproduction of 
natural colors by photography. 
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No. 17. REIS’S LETTER TO LADD. 


Journal of the Soctety of Telegraph Engineers and of Electricians for 
March, 1883, No. 46. 


Reis’s TELEPHONE. 


The following is a copy of an autograph description of Reis’s tele- 
phone which has been presented to the lhbrary by Mr. Wm. Ladd, 
Member :— 

(Copy.) 
INSTITUT GARNIER, 
F'RIEDRICHSDORF. 


DEAR SIR: 

Iam very sorry not to have been in Francfort when you were 
there at Mr. Albert’s, by whom I have been informed that you have 
purchased one of my newly-invented instruments (telephons), though 
I will do all in my power to give you the most ample explanations 
on the subject. I am sure that personal commuuication would have 
been preferable, specially as I was told that you will show. the appa- 
ratus at your next scientifical meeting, and thus introduce the appa- 
ratus in your country. 

Tunes and sounds of any kind are only brought to our conception 
by the condensations and rarefactions of air or any other medium in 
which we may find ourselves. By every condensation the tympanum 
of our ear is pressed inwards, by every rarefaction it is pressed outward, 
and thus the tympanum performs oscillations like a pendulum. The 
smaller or-greater number of the oscillations made in a second gives 
us, by help of the small bones in our ear and the auditory nerve, the 
idea of a higher or lower tune. 

It was no hard labor, either to imagine that any other membrane 
beside that of our ear could be brought to make similar oscillations, 
if spanned in a proper manner and if taken in good proportions, or 
to make use of these oscillations for the interruption of a galvanic 
current. However, these were the principles which guided me in my 
“invention; they were sufficient to induce me to try the reproduction 
of tunes at any distance. It would be long to relate all the fruitless 
attempts I made until I found out the proportions of the instrument 
and the necessary tension of the membrane. The apparatus you have 
bought is now what may be found most simple, and works without 
failing when arranged carefully in the following manner :-— 
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The apparatus consists of two separated parts, one for the singing 
station, A, and the other for the hearing station, B 


Reis’s TELEPHONIC APPARATUS.—FACSIMILE OF DRAWING SENT BY REISS TO 
Mr. LADD. 


The apparatus A is a square box of wood, the cover of which 
shows the membrane, c, on the outside, under glass. In the middle of 
the latter is fixed a small platina plate to which a flattened copper 
wire is soldered, on purpose to conduct the galvanic current. Within 
the circle you will further remark two screws; one of them is termi- 
nated by a little pit in which you put a little drop of quicksilver, 
the other is pointed. The angle, which you will find lying on the 
membrane, is to be placed according to the letters, with the little 
hole a on the point a, the little platina foot 4 into the quicksilver 
screw, the other platina foot will then come on the platina plate in 
the middle of the membrane. 

The galvanic current coming from the battery (which I compose 
generally of three or four good elements) is introduced at the con- 
ducting screw near 4, wherefrom it proceeds to the quicksilver, the 
movable angle, the platina plate and the complementary telegraph to 
the conducting screw s. From here it goes through the conductor 
to the other station B, and from there returns to the battery. 

The apparatus B, a sonorous box on the cover of which is fixed 
the wire spiral with the steel axis, which will be magnetic when the 
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current goes through the spiral. A second little box is fixed on the 
first one, and laid down on the steel axis to increase the intensity of 
the reproduced sounds. On the small side of the lower box you will 
find the corresponding part of the complementary telegraph. 

Ifa person sing at the station A, in the tube +, the vibrations of 
air will pass into the box and move the membrane above, thereby the 
platina foot c of the movable angle will be lifted up, and thus will 
open the stream at every condensation of air in the box. The stream 
will be re-established at every rarefaction. In this manner the steel 
axis at station B will be magnetic once for every full vibration, and, ° 
as Magnetism never enters nor leaves a metal without disturbing the 
equilibrium of the atoms, the steel axis at station B must repeat the 
vibrations at station A, and then reproduce the sounds which caused 
them. <Azy sound will be reproduced if strong enough to set the 
membrane in motion. 

The little telegraph which you find on the side of the apparatus is 
very useful and agreeable for to give signals between both of the cor- 
respondents. At every opening of the stream, and next following 
shutting, the station A will hear a little clap, produced by the at- 
traction of the steel spring. Another little clap will be heard at 
statian B in the wire spiral. By multiplying the claps and producing 
them in different measures, you will be able as well as I am to get 
understood by your correspondent. 

I am to end, sir, and I hope that what I said will be sufficient to 
have a first try; afterwards you will get on quite alone. 

I am, sir, 
Your most obedient servant, 


FRIEDRICHSDORF, I 3—7—63. PH. REIS. 
To Mr. William Ladd. 


No. 19. BRITISH ASSOCIATION REPORT ON REIS. 


Report of the Lhirty-third Meeting of the British Association for the 
Advancement of Science in August and September, 1863; published 
1864. 


On An Acoustic Telegraph, by W. Lapp. 


This instrument consists essentially of two distinct pieces of ap- 
paratus; that for transmitting the signal has a small mouth-piece. 
On the right-hand side there is a finger key forming part of the 
circuit, and an electro-magnet, with a vibrating armature and binding 
screw to connect with one of the line wires. Within a case under a 
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glass cover is an elastic membrane, in the centre of which 1s fixed a 
platinum plate in connection with the finger key. A like piece of 
angular metal resting on three pins is so placed that the pin at the 
angle rests on the plate in the centre of the membrane, the other two 
resting in cups on its edge so as to allow a free motion on the points, 
In the body of the receiver box is suspended a soft-iron core sur- 
rounded by a coil of silk-covered wire, one end of which is in con- 
nection with a finger key and the other with the binding screw. The 
method of producing sound in the receiving instrument depends 
upon the fact that at the moment of magnetizing or demagnetizing a 
piece of iron there is an alteration in the arrangement of the par- 
ticles which gives rise to a slight ticking noise. Having connected 
the transmitter by means of an insulated wire with the receiver, and 
the binding screws having been brought in connection with a battery 
of three or four elements, if the finger key on the transmitter be 
pressed the person at the receiving station hears the ticking noise. 
To convey a musical note or sound the operator places his mouth to 
the tube in front of the instrument and sings a note, when immediately 
the membrane begins vibrating in accordance with the note sounded, 
and at each vibration breaks contact between the pin and plate in its 
centre. This forming part of the circuit causes the iron core in the 
receiving instrument to be magnetized and demagnetized a number 
of times equal to the number of vibrations of the membrane, and 
so conveys to the receiver an impression of a musical sound. The 
finger keys and small magnet at the sides of the instruments are for 
the purpose of varying the methods of communication by the com- 
bination of single sounds, and can also be used with the other parts 
for the purpose of regulating the lengths of the notes and dividing 
them into varying portions, so as to form a sound alphabet somewhat 
similar to the signals written by Morse’s telegraph. 


PROSPECTUS OF MR. ALBERT. 


J. WiLH. ALBERT, 
Mechanician, 
Frankfort on the Main. 
FRANKFORT-A-M., August, 1863. 
SIR: 
I take the liberty of sending you the accompanying prospectus, 
begging you to give it your kind attention; it relates to the very 
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interesting apparatus of Mr. Reis, for the production of tones with 
the aid of galvanism :— 
THE TELEPHONE. 

This apparatus, which can be had through me, is at all times exhib- 
ited for inspection in my warehouse, and besides I am quite willing 
to give every information regarding it. My warehouse of physical, 
optical, and chemical instruments and apparatus is now: Neue 
Mainzerstrasse-No. 34 AM. Taunusthor, only three minutes’ walk 
from the several railroad stations, and therefore may be visited by any 
one, however short his stay, in Frankfort may be. 

Awaiting your kind order, I am, 


Respectfully yours, J. WILH. ALBERT. 


No. 21. CIRCULAR OF REIS. 


(This ts on the same sheet of paper as the foregoing.) 
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SIR: 

Having succeeded two years ago in demonstrating the possibility 
of reproducing tones with the aid of the galvanic current and in 
manufacturing an apparatus for that purpose, the subject has been so 
highly appreciated by the most renowned men of science, and I have 
received so many encouragements, that I have striven since that time 
to improve my originally very imperfect apparatus, in order to give to 
others also the facility of experimenting. 

I am now able to offer an apparatus which satisfies my expecta- 
tions, and with which every physicist will succeed in repeating these 
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interesting experiménts regarding the reproduction of tone (Ton = 
reproduction) at distant stations. 

I believe that it is the wish of many that these instruments should 
come into the possession of laboratories; as, however, their manufac- 
ture demands a complete knowledge of the leading principles and a 
great experience in this matter, I have resolved to make the most 
important parts myself, and to intrust to the mechanician only the 
secondary parts and the external outfit. Mr. J. Wilh. Albert, 
mechanician at Frankfort on the Main, is commissioned to sell them. 
I have enabled him to offer them at the prices of 21 and 14 florins 
(12 and 8 Prussian thalers) in two qualities, which differ only in the 
external outfit. The instruments can also be had directly from me 
at the same price by cash payment. Every apparatus is examined by 
me before being shipped, and has attached my name, the serial num- 
ber, and the date of construction. 

FRIEDRICHSDORF b. Homburg, v. d. HOHE, 

August, 1863. PHIL. REIS, 
Teacher at L. F. Garnier’s Boys’ Institute. 


(In manuscript on the foregoing is the following :—) 

Descriptions of the above are to be found in Miiller-Pouillet’s 
Lehrbuch der Physik, Braunschweig, Vieweg & Son; Pisko, die 
Neueren Apparate der Akustik, Wein, Gerold’s Son, 1865. 


No. 22. REIS’ DESCRIPTIVE CIRCULAR. 


(This and the foregoing are on two similar printed sheets.) 
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The apparatus consists of two parts, as may be seen in the wood- 
cuts above, the telephone proper A, and the reproducing apparatus 
C. These two parts are to be placed at such a distance from each other 
that singing or the sound of a musical instrument can be heard in no 
other manner except through the apparatus from one station to another. 

Both parts are connected with each other and with the battery B, 
the same as in an ordinary telegraph. The battery must be sufficient 
to produce at station A the attraction of the armature of the electro- 
magnet placed at one side (three or four six-inch Bunsen cells are 
sufficient for several hundred feet of distance). | 

The galvanic current then goes from B to the binding post @, from 
there through the copper strip, to the platina disc in the centre of the 
membrane, then through the foot ¢ of the angle towards the binding 
post B, zz the small hollow of which a drop of quicksilver is inserted. 
From here the current goes through the small telegraph apparatus e /, 
then to the key of the station C, and through the coil surrounding z 
back to B. 

If now sufficiently strong tones are produced before the mouth- 
pieces, their vibrations will put in motion the membrane and the 
angular little hammer [ winkelformige Hammerchen] which lies on it; 
for every full vibration the circuit is once opened and again closed 


_[einmal gedfnet und wieder geschlossen], and thereby are produced at 


station C in the core of the coil, just the same number of vibrations 
[ebensoviele schwingungen hervorgebracht] which are there perceived 
as tones or as combinations of tones [accords]. By placing the cover 
tightly over the axis of the coil the tones at C are greatly strengthen- 
ed. Besides the human voice [menlischen stimme] there can be re- 
produced (according to my experience) just as well the tones [tone] 
of good organ pipes from F to C and those of the piano; to that end 
the box a must be placed on the sounding-board of the piano; out of 
thirteen chords a skilled experimenter could make out ten clearly. 
The telegraph apparatus placed on one side is evidently unnecessary 
for the reproduction of tones, but it is a very useful addition for con- 
venient experimenting. With its aid it is possible to easily and surely 
make one’s self intelligible [sich verstandigen] with the person at the 
other station. 

This may be done somewhat in the following simpie manner: 
After the apparatus has been put up completely one satisfies one’s self 
of the continuity of the connection and the strength of the battery by 
opening and closing the circuit whereby at A is heard a striking of 
the armature and at C a very perceptible ticking of the coil. 
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By a quick succession of makes and breaks at A, C is asked whether 
he is ready for experimenting, whereupon C dnswers in the same 
manner. 

By agreement between the two stations simple signals can be given 
by opening and closing the circuit I,.2, 3, or 4 times, ¢. g., one stroke 
— sing: two strokes — speak, &c. 

I telegraph words by numbering the letters of the alphabet and 
communicating their numbers. 

1 stroke A, 

2 strokes Bb, 

3 strokes C, 

4 strokes D, 

5 strokes E, &c. 

Z would consequently be indicated by 25 strokes. 

But these numbers of strokes would take too much time and not 
be sure in counting. Therefore I put a dactyl for every 5 strokes, 


hence 


—U U for E, 
—U U and 1 stroke for F, &c. 
Z :-UU-—UU-UU-UU-UU, which is quicker, and more easily exe- 
cuted and better understood. 
Still better is it to indicate the letters by numbers which are in in- 
verse proportion to the frequency of their occurrence. 
9 August, 1863, Friedrichsdorf, near Homburg, v. d. Hohe. 
PHIL. REIS, 
Leacher of A. L. Garnter’s Boys’ Institute. 


No. 24. BOTTGER’S ACCOUNT OF REIS IMPROVED APPARATUS. 
Dingler’s Polytechnic Journal, Vol. 169, ~. 399. 


CONCERNING THE IMPROVED TELEPHONE. 


In the meeting of the Physical Society, held on July 4th, at Frank- 
fort-a-M., a member of the society, Mr. Philip Reis, from Friedrichs- 
dorf, near Homburg before the Heights, exhibited some of his improv- 
ed telephones (Apparatus for the Reproduction of Tones atany desired 
distance by means of the Galvanic Current). It is two years since 
Mr. Reis first gave publicity to his apparatus, and although the per- 
formances of the same in their simple primitive form were astonish- 
| ing, yet they had this great defect, that experimenting with the same 
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was possible only for the inventor. The instruments exhibited in the 
above-mentioned meeting scarcely reminded one of the earlier forms. 

Mr. Reis has striven to give the same a form pleasing to the eye, 
so that they now will worthily fill a place in every physical cabinet. 
This new apparatus can now be easily managed (worked) by every 
-one, and works with great certainty. Melodies sung quite lightly ata 
distance of about 300 feet were reproduced by the instrument set up 
much more distinctly than formerly. The musical scale was especially 
sharply reproduced. 

The experimenters could even reproduce words, although, indeed, 
only such as had been often heard by them. © 

In order now that others, less experienced, may be able to even 
make themselves understood through the apparatus, the inventor has 
fixed at the side of the same a small, yet, according to his explana- 
tion, entirely sufficient arrangement, whose speed of communication 
indeed is not so great as that of the more recent telegraphs, but 
which works very surely, and assumes no especial skill in the person 
working it. We would call the attention of gentlemen busying them- 
selves with physics to the fact that the inventor now has this interest- 
ing apparatus manufactured for sale under his supervision (the princi- 
pal [important] parts he makes himself), and the same can be had of 
him directly or through the instrument maker, Wilhelm Albert, at 
Frankfort-on-the-Main, in two qualities, differing only in outward 
finish, at 14 and 21 florins, respectively (Bottger’s Polytechn. Notiz- 
blatt, 1863, No. 15). 
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Fortschritte der Physik, 1863, page 96. 
Ph. Reis Improved Telephone (DINGLER, CLXIX., 399.) 

Herr Reis is said to have improved, quite essentially, his telephone. 
With the former instrument, experimentation was possible at the 
hands of the inventor himself, only. 

The instrument (to be had at Albert’s, in Frankfurt-a-M., for 14-21 
fl.) has now, it is reported, a shape more pleasing to the eye, and can 
be operated easily by any one. Ata distance of 300 feet tunes were 
reproduced far more distinctly than ever before. The scales are re- 
produced with peculiar precision. The experimenters were able even 
to communicate words, only such, however, as had been already often 
heard by them. 
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No. 26. GARTENLAUBE REIS IMPROVED APPARATUS. 
(The “ Gartenlaube,’ No. 51, December, 1863.) 
THE MUSICAL TELEGRAPH. 


The surprising results in telegraphing have often excited the 
question whether it may not be possible to communicate the language 
of sound itself to a distance. The trials made in this direction had 
till now produced no satisfactory results, because the vibrations of 
sound-conducting bodies soon diminish so much in force that they 
are no more perceptible for our senses. 

People, perhaps, had already thought of a reproduction of sound at 
certain distances with the aid of the electric current, but those who 
have been the best fitted to attack the question, by their knowledge and 
resources, were the ones who doubted the most of a practical solu- 
tion of that question. Those who are but superficially acquainted 
with natural science do not see the many difficulties: this problem 
offers, if they are at all acquainted with it. Thus, about eleven years 
ago,a young man, Mr. Philip Reis, at present teacher of natural 
science at the Garnier Institute for Boys, at Friedrichsdorf, near 
Homburg, had the hardihood to work at the solution of this problem. 
But soon he was obliged to desist from it because his very first 
effort seemed to convince him of the impossibility of a solution. 
Later, however, after further studies and many experiments, he saw 
that his first effort was but a rudimentary one, and by no means con- 
vincing. However, he did not recommence to attack the question 
seriously for some time, not feeling himself strong enough to van- 
quish the obstacles on his road, although he never banished his early 
idea entirely from his thoughts. 

How can a single instrument reproduce simultaneously “ the com- 
“bined effects of all the organs active in human speech?” This 
seemed to him the chief question. Later he put this question more 
methodically : ‘““ How does our ear perceive the composite vibrations 
“of all the organs of speech acting at the same time ?” or, expressed 
more generally, “ How do we perceive the vibrations of several bodies 
“sounding simultaneously?” If we throwa stone into quiet water 
there are produced on the surface uniform waves which progress sym- 
metrically outward; the further they go the weaker they become, till 
they finally disappear. 

It is quite similar with that what we call sound and tone. A body 
made to vibrate through any impulse affects the surrounding air, and 
causes waves in it, which follow each other at the same rate as the 
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vibrations of the body. As those rings on the water consist in 
swellings and depressions, so also the vibrations of the air consist of 
alternate condensations and rarefactions. If they reach our ear every 
condensation presses the tympanum towards the interior of the 
cavity, and puts in motion the adjacent group of small bones which 
communicates the motion to the liquid of the cochlea, in which the 
auditory nerves terminate. The latter are excited and produce the 
sensation of sound. 

Now, if the waves of vibration follow regularly and with a certain 
swiftness (sixteen in the second at least), we shall have the sensation 
of a musical fove. The latter is the Azgher the quicker the conden- 
sations follow each other and the louder the stronger or higher the 
waves rise, as it were. 

Our ear cannot perceive anything except condensations and rare- 
factions, wave crests and wave hollows. And, nevertheless, we re- 
ceive the most varied auditory impressions, we distinguish the sound 
of the voices, we hear at the same time in quite different directions 
and can distinguish the different sources; nay, in a complete large 
orchestra, each of the numerous instruments is specially noticed by 
its peculiar sound, so that we decompose at every moment the total 
impression into its several parts, according to the height and depth, 
strength and weakness, or according to the timbre (or quality) 
{ Klangfarbe ]. 

Referring to our simile, this is about the same as if we throw two 
or more stones at different places into a calm pond. The wave lines 
cross each other, strengthen each other at some points, weaken each 
other at others, and the surface has a ruffled, hillocked aspect. But, 
nevertheless, our eye can detect the different systems of rings, and 
can trace them back to their several causes. If we succeed in trans- 
mitting with the galvanic current the oscillations of a sounding body 
to a distance, so that there another body is put to equally rapid and, 
in respect to each other, equally strong oscillations, the problem of 
“telephoning” is solved. 

For then exactly the same phenomena of waves are called forth 
on the distant points as the ear receives at the place of origin; there- 
fore they also must make the same impression. The ear will distin- 
guish at the distant points not only the single tones, according to 
their varying height and depth, but also to the proportionate force of 
the vibrations, and not only single melodies, but the performance of 
a whole orchestra; yes, even speech must be heard at the same time 
in places very distant from each other. Mr. Reis was the first one to 
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prove by experiments the possibility of solving this problem. He 
has succeeded in constructing an apparatus to which he gives the 
name 7¢/ephone, and which enables one to reproduce tones, with the 
aid of electricity, at any given distance. Already, in October, 1861, 
he made rather successful experiments with a very simple, rudely 
made apparatus, before a numerous audience at Frankfort. On July 
4th of the present year he presented an essentially improved appa- 
ratus at an assembly of the “ Physical Union,” which transmitted by 
closed doors and windows a melody sung moderately loud, to a dis- 
tance of about three hundred feet, so that it could de heard plainly. 

In order to give an opportunity to larger circles, especially to scien- 
tific men, to convince themselves of the efficiency of this essentially 
improved apparatus, Prof. Bottger of Frankfort-a-M. made lately (at 
an assembly of German physicists and doctors in Stettin, in the sec- 
tional meetings for natural sciences) several experiments which cer- 
tainly would have been crowned with still more success if the hall in 
which the session was held had been located ina less noisy part of 
the city and filled with a less numerous audience. 

Although, for the present, we are not so far along as to be able to 
converse with a friend at a distance of several hundred miles, so much 
at least is certain, that with the aid of the telephone songs of all kinds, 
melodies, especially in the middle registers, can be reproduced most 
clearly at unlimited distances. These wonderful results are obtained 
with the following simple apparatus, which we show here in one-fourth 


of its size:— 


4 
erm A 


sia gal 


— 
a’ . 


OR EL 
he 


di ed “hi no biome 
Ne a es Hid 


\ 
ee re ee J 


ESS 1 


NO. 26. GAKTENLAUBE REIS IMPROVED APPARATUS. 157 


A small box A (the telephone proper), a kind of hollow cube, has 
a mouthpiece S on the front side, and a somewhat smaller opening on 
the upper side of the box. The latter is closed with a fine membrane 

» (skin from the intestines of a hog) tightly stretched. A narrow strip 

f of platina #z, connected with the screw post d, touches directly the 

membrane on its centre; a slender platina point 4, attached to the 

angle @ 6, touches the strip of platina which rests on the membrane. 

If one sings into the mouthpiece S (by filling the same entirely with 

the mouth) the thin membrane vibrates and the attached platina strip 

receives likewise a vibrating motion so that it is alternately pressed 
against and leaves the platina point &. 

From the binding post @ which communicates with the platina strip 

| resting on the membrane a conducting wire is connected with one of 

the poles of a galvanic battery B (about three to four six-inch Bunsen 

elements), and then the electricity is led through a wire attached to 

the second pole of the battery to the distant station C; there at z it 

passes through a coil // formed of copper wire covered with silk 

thread, then back again to screw /, and there to the platina point &. 

At every vibration of the membrane an interruption of the electric 

‘ . current [| Unterbrechung des electrischen Stromes] takes place by the 

— platina point parting from the platina strip. 

Within the wire coil at station C is a thin iron wire (a strong knit- 

: ting needle) which is about ten inches long, and which with its two 
ends projecting out of the coil for about 2 inches, each rests on two 

; bridges of a sounding box. This is the reproducing apparatus. 

| At every interruption of the current [Unterbrechung des Stromes | 

in the coil the iron rod is made to vibrate. If the motions follow 

with a certain rapidity they produce a tone which is rendered audible 
by the sounding box. As the rate of the interruptions depends on 
the pitch of the tone that has been sung into the mouthpiece, the 
| same tone is sounded with the same pitch from the sounding box. 

e The length of the circuit has no influence upon this. It is true the 

electric current loses force the farther it goes, but there is no reason 

why relays should not be employed, the same as in telegraphing, and 
with their aid any number of reproducing apparatuses be set into 

simultaneous vibrations. Mr. Reis has endeavored to give to his im- 

proved apparatus a form which should also be pleasing to the eye, so 

that it might fill worthily its place in any physical laboratory. He 
has applied, moreover, to the side of the telephone, as well as to the 

reproducing apparatus, a small telegraph arrangement, which is a 

very good addition for convenient experimenting. (It is indicated 
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in the drawing by the letters e f% g.) By alternately opening and 
closing the circuit with the key e or /# the most varied signals may be 
given after mutual agreement; for instance, if one is ready for sing- 
ing; if everything has been understood; whether one should stop 
singing or commence anew, &c. 

Mr. Reis himself manufactures the principal parts of the telephone, 
for which no small amount of physical knowledge and experience is 
necessary. The mechanician, Wilhelm Albert, at Frankfort, is charged 
with manufacturing the less important parts and the external outfit, as 
well as with the sale of the instrument at a low price. 


NO. 27. COSMOS DESCRIPTION OF REIS. 


“ Cosmos,’ Vol. XXTIV., pages 349, 352. Printed and published at 
Paris, March 22, 1864. 


GENERAL PHYSICS: ACOUSTICS. 


The Acoustic Telegraph or Telephone of Mr. Philip Reis. 


In 1837 Mr. Page observed for the first time the phenomenon of 
the production of sound by electricity, when the poles of a magnet 
were rapidly brought near to and moved away from a helix or con- 
ducting wire through which an electrical current was passing. M. 
Delezenne produced an analogous effect by turning an armature of - 
soft iron before the poles of a magnet. The particular phenomenon 
with a helix was observed separately by M. de la Rive and MM. 
Beatson and Marriani. Each of these physicists made upon this sub- 
ject their own special remarks. M. de la Rive attributed the sound 
produced to the kind of-shock which took place upon the sudden 
displacement of the molecules at the moment when the current pro- 
duced its appropriate action. It would therefore be possible to increase 
the intensity of the effect produced by multiplying the intermittences 
in the passage of the current. It is in this way that the learned pro- 
fassor of Geneva was able to produce a sound both clear and pro- 
longed, from a cylindrical mass of iron ten centimetres in diameter 
and weighing ten kilogrammes. M. Marriani recognized, on his | 
part, that the sound created by a bar of iron placed in these con- | 
ditions was the same as that which it would give forth if it was 
thrown into vibration by blows which affected it at its extremity. 
None of the magnetic metals produced any effect of the kind. As to | 
the coercitive force, M. Marriani establishes that a bar of steel, well 
tempered, would make'no sound, but that on the contrary the phe- 
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nomenon manifested itself when it was annealed. M. Marriani and M. 
de Ja Rive observed also that an intermittent current passed through 
a stretched wire made it produce a sound identical with that which it 
would give forth if it were placed in the interior of a helix. Accord- 
ing to M. de la Rive the sound was more intense as the wire was 
made shorter and according as its electrical resistance came nearer to 
that of the battery employed. 

M. Wertheim rendered sensible to the ear the vibrations which 
result from the passage of a discontinuous electric current through a 
rigid bar. 

In these various experiments, in addition to the musical sound, the 
observer perceived a succession of blows (dattement) which coincided 
with the interruptions of the current. M. de la Rive compared them 
to the noise which drops of rain made on falling upon a metal roof. 
These successive blows would even be obtained on operating upon 
magnetic metals reduced to a powder. M. de la Rive explains this: 
the sound produced by iron when the current passes in the magnet- 
izing helix is explained by M. de la Rive as follows :— 

“ The current tends to place the molecules of the iron in a longi- 
“tudinal direction; these tend to return afterwards to their normal 
“position, hence the vibrational movement which gives rise to the 
“sound.” 

It is on the basis of these facts that Mr. Reis has constructed the 
telephone or acoustic telegraph. Fantastic minds have singularly 
exalted the qualities of this apparatus; they have undertaken to in- 
dicate for it at once an office which it is far from being able to fill. 
The exaggerations of these illusions have been demonstrated to us 
by experiments. which we have just made at Mr. Koenig’s establish- 
ment with an apparatus constructed in Germany, under the supervis- 
ion of Mr. Reis. This physicist has constructed his telephone in the 
following manner :— 

The transmitter (manipulator) is represented by a rectangular hol- 
low box. One of the sides of this is provided with a flaring open- 
ing, intended to receive the note which was to be transmitted. The 
upper surface of it consists of a membrane suitably stretched, on 
the centre of which is fixed a strip of platinum, which is in electrical 
connection with one of the poles of the battery. Above this there 
is placed a second and movable strip which, when the instrument is 
not in operation, rests on the first by a fine point, making contact 
by a fine point, also of platinum. It will readily be understood that 
if the membrane vibrates, it will throw up into the air the movable 
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strip, which will again fall back into place. Hence oscillations which 
will correspond in number exactly with those of the membrane. 
The receiver is composed simply of a magnetizing helix, in the 
interior of which is placed a bar of soft iron; the whole is mounted 
on a resonating box. When the apparatus is to be operated, these 
two instruments are placed in the circuit with an ordinary line bat- 
tery. The operation of the instrument is easy to understand. The 
vibrations which the operator placed in front of the mouth-piece im- 
presses upon the air enclosed in the box of the transmitter are 
repeated by the membrane ; and just as a style fixed on this mem- 
brane (as in the phonautograph) would write these vibrations upon 
a paper covered with lampblack, so in the same manner the electrical 
contacts are successively established and broken between the two strips 
of platinum. Hence there is caused in the coil of the receiver a 
number of intermittences or interruptions in the passage of the cur- 
rent, which is necessarily equal to the number of vibrations of the 
membrane of the transmitter. Now, since each intermittation causes 
one single shock, a series must necessarily produce a sound identical 
in pitch with that produced at the mouth-piece of the transmitter. 
Would not the telephone of Mr. Reis be an admirable instrument if 
it realized absolutely the promises which its theory holds out? With- 
out prejudging the future, we must recognize that it has not yet done 
so. When one sings the musical scale at the transmitter, there needs 
an ear well trained to distinguish the sound repeated by the receiver 
in the midst of the vibrations which agitate it. For ourselves we 
have been only able to recognize the successive rise and pitch of 
these rapid roulades ; but perhaps a trained musician would be able 
to recognize amongst them a dominant note. The model, however, 
of which we speak did not, and had in its construction several causes 
of error; and Mr. Koenig, so justly recognized in matters of 
acoustics, intends to study out the improvements of which this tele- 
phone is susceptible. 

Let us mention some of the principal of these causes of error: It 
may be that the membrane will not at every moment vibrate with the 
same degree of amplitude, and this will consequently occasion some- 
times a failure to make contact; if the sound produced by the oper- 
ator at the transmitting end does not vary much, the contact may be 
prolonged. The remedy for this defect is in substituting for the voice 
of the operator a tuning-fork, arranged to vibrate, for example, by a 
battery ; then a note would be produced which would be better 
defined, but always very feeble. As to improvements which would 
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be of a nature to render this telegraphic apparatus practicable, Mr. 
Koenig is well fitted to find them. We already know certainly that 
the intensity of the sound increases as a softer iron is used, because 
in that case the molecules have more freedom of motion than they 
had in the hardened iron or in steel. If the iron core is magnetized 
by the influence of a permanent magnet, or by another coil, its 
sound is more intense when the intermittent current is sent in such 
a direction as to produce a demagnetizing effect upon it, and it is 
less intense when the current is sent through the helix in such a 
direction as to increase the magnetism. The reason is, that in this 
last case the molecules are in advance, in a position already very 
near that which the current can compel them to take. Too much 
tension in the core also makes the sound more feeble, for the mole- 
cules having been already placed in a forced position, are less free 
to receive further motion. The electrical transmission of musical 
sounds is therefore a problem, of which the true solution has not 
‘been found; and all the magnificent promises which have been made 
and published on the subject of acoustic telegraphy seem to us still 
to belong to the region of illusions. 


No. 29. KOENIG’S DESCRIPTION OF REIS. 


From KoeEnta’s “ Catalogue des Appareils ad’ Acoustique,” Paris, 
1865, page 5. 


29. TELEPHONE OF M. ReErs. 60 FR. 


This apparatus is intended to transmit sounds to a distance by 
means of electricity. It rests upon the fact demonstrated by the pre- 
ceding apparatus. [| Zhe preceding apparatus was the Wertheim coil and 
core, which Reis uses for a receiver. | 
e At the first station the current traverses a little band of platinum, 
which is attached to a membrane in such a way as to follow all its 
movements, and of a very movable point, which rests lightly upon 
this membrane. At the other station the current traverses a coil, at 
the centre of which is a bar of soft iron. If now we produce before 
the membrane a sound which causes it to vibrate, each vibration in 
pushing away the point from the platinum plate will produce an in- 
terruption of the current. On the other hand, each making of the 
current will produce in the bar of soft iron at the second station a 
momentary and weak sound. It is the rapid and isochronous succes- 
sion of these sounds, all acting in simple ,blows, which produce the 
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continuous sounds that are heard. It is true that they are not of 


good quality, and that they cease from time to time. This comes. 
from the fact that the membrane does not vibrate equally well for all 
tones, and because the manner in which the vibrations determine 
the interruption of the current, by pushing the little point away from: 
the plate, is far from being perfect. 


No. 30. PISKO’S DESCRIPTION OF REIS. 


Pisko. Die neueren Apparate der Akustik. Vienna, 1865, pp. 94 

et seq. 

[Page 94.] a. 51. Principle of the Telephone of Reis. The “ Tele- 
“ phone” of Reis (Fig. 60) is related to the Membrane-Phonautograph. 
The round end s of a light strip of platinum z s is fastened upon the 
membrane 7z 7 with wax in such a way that the strip of platinum can 
make all of the vibrations of the membrane with it. Very near to 
this end s of the strip of platinum z sis a platina point fixed so that 
it is touched by the strip of platinum as this vibrates with the mem- 
brane. If we suppose the outer end x of the platina strip and the 
platina point to be connected with the poles of a battery, then a cur- 
rent is established or broken by the vibration [ page 95] of the mem- 
brane, according to its phases. A magnetic piece of clockwork or 
an electro-magnetic telegraph introduced in this circuit would trans- 
mit to a distance indications that some one was speaking, but they 
would, self-evidently, not be able to make known what was spoken. 

6. It is well known that an iron wire, surrounded by strong gal- 
vanic currents frequently broken, is made to sound forth tones which 
may be longitudinal or transverse, or both at the same time. Reis. 
introduced such an iron wire lying ina multiplying coil at the second 
station C. This produced tones, if the membrane was caused to 
vibrate by singing or talking into (S, Fig. 60) the hollow, cubical 
part A. In my experiments with the telephone the rod never 
changed its pitch even with the most different tones and sounds, and 
always produced only the rhythm of the words sung or spoken at S. 
into the part A. The aria of the song sung into the instrument 
could generally be recognized from the rhythm. The experiments, 
with special reference to this, are recited in § 53. But this much is 
evident already, that time must yet elapse before the simultaneous 
concerts and singing productions so ardently hoped for by the news- 
papers. The apparatus of Reis is indeed a “ Telephone,” but not a 
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“Phonic Telegraph.” The only means of transmitting song and 
speech, and this only for moderate distances, is the old well-known 
speaking tube. But the experiment of Reis can always be classed 
with the most beautiful and interesting of school experiments; and 
as the means for producing it are simple, the apparatus of Reis will 
surely soon find its way even into moderately endowed institutions. 
That the sounding of the wire in the telephone is not due to acoustic 
transmission can be shown by cutting the coil out of the circuit; the 
sounding ceases at once. 

1. Reis’ phonautograph was originally made of a wooden cube 
with a conical cavity. The smaller opening was covered with the 
membrane. A knitting-needle was used as the sounding wire, which 
projected about 2 inches out of each side of the multiplying coil, 
and rested upon two bridges of a resonance box. The surrounding 
[page 96] coil consisted of six layers of fine wire. Fig. 60 shows 
the telephone as it is at present manufactured, according to the in- 
ventor’s directions, by artisan Albert, in Frankfurt, and artisan 
Uanck | Hauck ?], in Vienna. 

2. Even though the telephone cannot be used to reproduce con- 
certs, this can be accomplished for moderate distances by the reso- 
nance of solid bodies, in narrow limits, to be sure. Pepper, director of 
the Polytechnic Institute, formed at London for amusing sciences, 
gave such a concert (18 5) with Wheatstone’s method. Four of 
Erard’s harps stood upon the stage. Each had onits resonance board 
a short staff of pine 2 cm. thick. 

By turning the harps on theiraxes this staff was made to touch an 
exactly similar one, which went into a deep cellar, and there was in 
contact respectively with the sounding-board of a piano, of a violon- 
cello, of a violin, and the mouth-piece of a clarinet. 

As long as the resonance staffs touched, the concert was heard dis- 
tinctly ; but as soon as one or all the harps came out of contact with 
the sound-conducting staff, the music ceased. The character of the 
instruments played was, as a whole, preserved, only the violoncello 
tones being somewhat raspy. 


52. Particulars regarding the Telephone. 


(a.) It consists substantially of 
1. The transmitter A. 

2. The receiver C. 

3. The battery B, and finally of 
4. The conducting wires, 
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(6.) The transmitter A is essentially a parallelopipedic body of 
wood. Its upper part ~ ris cut out of one piece of square section, 
the side s # measuring g cm., its height 7 4 2.8 cm. 

This part can be moved on the lower box A A by means of hinges. 
If we turn back the cover + z we shall notice a small circle cut out 
in it 3.9 cm. in diameter. <A _ brass ring, with a margin 8 mm. 
broad, fits unto this hole, which is furnished with a groove like a 
pulley. 

Over the ring the membrane 7 #2 is stretched bya silk thread 
lying in the groove of the same. This circular membrane is sur- 
rounded by a wider circular hollow 6 6! 8.5 cm. A _ shovel-shaped 
strip of platinum x s is placed in connection with the brass binding 
post d@, and rests by its circular piece s on the centre of the mem- 
brane. 

By means of sealing-wax this circular part is fastened to the mem- 
brane, and is thereby compelled to accompany the membrane in its 
vibration. The farther transmission of the galvanic current from 
the centre of the membrane takes place by means of the brass angle 
as 6 (D, Fig. 60). This rests at s,; by means of a platinum or steel 
point, upon the conducting platinum strip, 7 s, and dips at 6 witha 
platinum or steel point in a mercury cup which is made in a screw 
transmitting the current. The point @ serves only as a base or sup- 
port for the angular piece @ s 6, which in general is supported like a 
tripod, in order that the contact-point s should remain as constant as 
possible. The angle a sé 1s simply pushed over a projecting pin by a 
hole at a, until it remains resting on a broader lower part. From 4, 
the electrical conductor with a covered wire extends to the brass key 
e (A, Fig. 60), and from there further in the direction indicated by the 
arrow. 


The: under part A A of the transmitter is constructed of wooden 


boards and forms a parallelopipedon whose height = 6.8 cm., and 
whose breadth = 7.7 cm. For the reception of tones there is the 


slanting attachment S made of tin with a funnel-shaped enlargement. 

The longer side of this enlargement ts 6.7 cm., the shorter 4.7 cm.; 
the vertical diameter of the enlargement measures 7.15 cm., the hori- 
zontal diameter 7.5 cm., and finally the diameter of the narrower cyl- 
inder 3.9 cm. 


1 


¢ 


atinum strip can be replaced by 
a thin strip of brass, and the platinum or steel points by iron ones. 


It is plain that, if necessary, the p 


Only then the contact-points must oftener be cleaned to a metal 
polish. 


thea racnnanra 


nA ne aml «te Want hbht ARN 9 KY rem bha wndar nart an 


Mi 
it 
Wy 


ie 


Pui 


wit 


ih 


' 
ft 


wae 
pet Me 


ae ee ee - 


% 


> 


164 PUBLICATIONS RELATING TO THE REIS TELEPHONE. 


(d.) The transmitter A is essentially a parallelopipedic body of 
wood. Its upper part ~ ris cut out of one piece of square section, 
the side z # measuring 9 cm., its height # x 2.8 cm. | 

This part can be moved on the lower box A A by means of hinges. 
If we turn back the cover + « we shall notice a small circle cut out 
in it 3.9 .eamin drameter. “A hese ~~~ *” 
broad, fit 
pulley. 
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(c.) The receiver is in general a double resonance box, whose upper 
part, “the cover,” is movable on two hinges and can be laid back. 
The length of this cover is 16.4 cm., its width 9.5 cm., and its height 
3.2cm. The length of the under box measures 22.9 cm., its width 
9.6 cm., and its height (98) 2.5 cm. The under part of the resonance 
box has two wooden bridges, which are separated from each other 
17.4 cm., and serve as supports for the iron needle, which is 21.5 cm. 
long and 0.9 mm. thick, and intended to produce the tones. The length 
of the spiral placed over the needle and designed for producing the 
electro-magnetism is 15 cm. The wooden covers of both parts must 
be constructed as thin as possible, and the greatest breadth of the 
circular holes seen in the figure measures 13 mm. 

(d7.) One can successfully use as a battery a small four-cell Smee’s 
or two larger Bunsen’s cells. The conducting line must be made at 
least so long that the exciting tones can no longer be heard through 
the wire. For corresponding between the two stations, the inventor 
has arranged the electro-magnetic telegraphic apparatus ¢ v gh, easily 
seen and understood from the figure. Agreement can be easily had 
as to the corresponding signals, and it is simplest to seat the signs 
given by the inventor. (26.) 

The receiver C gives, on tapping with the key e, the corresponding 
signals by the rod ¢e giving out tones, while at the transmitter A the 
electro-magnet v announces the signals by means of the spring arma- 
ture 2. 

53. Experiments with the telephone. 

(z.) As soon as one brings his mouth to the funnel S, and sings, 
the membrane of the transmitter A falls into corresponding vibra- 
tions, and the little iron rod e ¢ at the second station begins to give 
out tones. Every time that a spark is visible at the first station, at 
s, the rod certainly sounds at the other station. The same is true 
when the peculiar buzzing tone is perceived, which arises from the 
striking of the vibrating platinum strip upon the point of the angular 
hook resting thereupon. The appearance of these sparks, or of the 
peculiar buzzing at the transmitter A, announces to the observers 
at the station A that the rod at C is giving forth tones. Tones and 
melodies, which were sung into the sound-opening S, and especially 
clangs in which the teeth and head-bones also vibrate (the so-called 
humming tones), always produce a toning of the rod or needle E E, 
and indeed, as already mentioned (§ 51), without change of pitch, 
only with the reproduction of the rhythm of the respective song ot 
words. 
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The pitch of the tone excited at C in the rod e e was, in the ap- 
paratus at my disposal, #’: its strength not very remarkable and its 
quality (Klang) buzzing like that of the tone of a weak-sounding 
reed-pipe (something like a child’s trumpet). The skin lying about 
the pericardium of the smaller and even the larger mammals (calves, 
&c.) makes the best membrane—gold-beater’s skin reproduces only 
the lower tones. 

The cover of the resonant box seemed superfluous in my ap- 
paratus, and the tone was indeed somewhat stronger without the 
cover. 

1. In experiments with the telephone, close attention must be paid 
to seeing if the end s of the platinum strip still sticks to the mem- 
brane, and, if necessary, it must be pressed upon the membrane. 
When this leaf will no longer cling, a knife blade is heated, a piece 
of sealing-wax touched with it, and the melted wax thus transferred 
to the under side of the round end of the platinum strip zs. Imme- 
diately thereupon it is pressed on to the membrane m wm. 

2. From a long line of experiments, which I have performed with 
the telephone, I take the liberty of giving here some results :— 

(a.) A Cagniard-Latour siren with upright axis, blown near the 
opening S from the lowest to the highest tone, gave no result. 
Only when the rotating plate was turned directly toward the fun- 
nel-shaped sound-receiver S, and brought very near the same, was it 
twice possible with the medium tones of the siren to hear two short 
tones of the iron rod ¢ ¢ of the pitch /!. 

(4.) A tuning-fork with normal tone a! aroused no tone whatever 
in the receiver C, neither when in immediate vicinity of the sound- 
funnel S, nor when laid upon it. 

(c.) A metal bell, which gave, according as it was rubbed with a 
strong bow, the tone /! or #2, produced no results from the tele- 
phone, even when the bell was brought ever so near to the sound- 
reed S, or when laid upon it. Only when the tone /!, by means of 
suitable resonant tubes, was very perceptibly strengthened, did the 
telephone respond weakly and shortly, and indeed again with /}. 

(d2.) Wooden lip pipes belonging to the scale between c! and c?, 
when they were laid with the walls of their reeds on the sound- 
funnel S and made to give out tones, were not able to bring the tele- 
phone to produce tones; but they were most active in respect to the 
telephone when the under open end of the reeds was brought imme- 
diately before or into the opening S of the sound-cylinder of the 
transmitter A; this position may be called the “ first.” 
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These pipes also worked successfully upon the telephone, when 
their mouths (the holes) were laid on the sound-conducting opening 
S. This position may, from now on, be called the “second.” If the 
pipes in both positions were removed only a few lines from the 
sound-receiver S, the effective vibration of the membrane ceased, and, 
in fact, in the first position sooner than in the second. If, however, 
pipes of any material of different lengths (1 ft. to over 8 ft.) and differ- 
ent widths, were laid on the conducting-sound tube, and the former 
pipes applied to these in the first or second position, the telephone 
gave the same results as in the immediate use of the short transmit- 
ting tube. 

(e.) The former pipes, when covered, caused (as was to be foreseen) 
the telephone mostly not to sound at all, or only interruptedly in the 
first position. In the second position the telephone was excited by 
them for the most part completely, seldom interruptedly. 

(7.) I had at my disposal no pipes of the c* scale. Tones from the 
latter scale, which by strong blowing were excited in the pipes used 
by me, gave mostly no result, no matter what position was given 
to the pipe. 

(g.) A reed-pipe of tone d~! with open reed excited the rod of the 
telephone only when its open end was turned toward and brought 
near the sound-receiving funnel S of the transmitter. Increasing the 
tone by a resonant tube produced an interrupted tone. A like result 
was obtained with a reed-pipe of the tone c~! with full beat reed, only 
here the excited telephone tone was constantly interrupted. 

(4.) The miniature-normal-diapason (a small reed-pipe of the tone 
al,compare Chap. VI.) sunk into the sound-conducting reeds, so 
that the mouth lay on the funnel, produced a clear tone in the tele- 
phone when strongly blown. 

(7.) Marches drummed at A with the key ¢ e were produced by 
the receiver C, and in fact, always with the tone /!. 

(4.) Singing of different melodies was always successful; the 
rhythm of speaking was only interruptedly reproduced. 

(/.) Whistling with the mouth into S had no effect, and the tone 
passed over into a higher one, probably because the vibrating column 
of air thereby became shorter. The tones /!, ¢!, a!, fis!, c}, and ces}, 
produced with the mouth by whistling passed over into fis}, gis}, b?, 
gl, cis!,and d! respectively, as soon as the mouth lay immediately be- 
fore the sound-receptor S. 

There was arise in tone of half atone. Similar rise in tones is 
«obtained by whistling into a cup, hat, &c. Indeed, the cutting off of 
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the current of air coming from the mouth by the flat of the hand 
raises the tone in such whistling, and this can be very easily recog- 
nized by moving the hand up and down. 

(#.) Since the distinct buzzing of the platinum strip on the trans- 
mitter S is a sure sign that the iron rod e e is sounding at C, there is 
no need in this respect of telegraphic communication between the 
stations (§ 52, d). 

(.) If a comparison is made of the results of experiments with the 
telephone and those with the membrane-phonautograph, it will 
seem at first as if the latter did much too little in comparison with 
the former. This contradiction, however, rapidly disappears. The 
membrane-phonautograph also gives plain tone-writings of a melody 
in the space of an octave, together with double tones and chords, and. 
according to Donders, still more. Moreover, in the telephone the 
membrane is moved not only by the vibrations of that tone, by which,, 
according to the laws of sympathetic vibration, it can be brought into. 
vibration, but it is also mechanically raised and lowered by the strong 
condensations and rarefactions arising from the exciting tone (singing,. 
&c.) in the closed masses of air. Every condensation will press the 
membrane outward, even when its deepest normal tone is much higher 
than the exciting (sung) tone. Very strong and thick membranes. 
might perhaps resist this purely mechanical excitation, but they would: 
be then not sensitive enough for real sympathetic vibration. In many 
cases (for example, in drumming with the key on the box, in placing 
the apparatus A on the resonant cover of a piano, &c.) the vibration: 
of the membrane in the telephone arises also only in the same way as 
the membrane in Konig’s pipes for proving the nodes of vibration 
(compare a later paragraph). In this, also, the stretching of the mem- 
brane is not necessary in order that the latter may show outwardly 
the condensations and rarefactions of the air in the pipe. 

Pipes with thin walls furnish a farther proof of this. The latter 
allow trembling to be felt when touched by the hand while the pipes. 
are sounding; indeed, very thin walls deepen the tone somewhat, and 
thereby show that they are not able to resist the pressure arising from 
the condensations. 

Sand sprinkled upon walls of this kind is thrown off from the nodal 
points. If, therefore, thin strips of wood are able to imitate in such a 
manner the vibrations of the air in the pipe, although the proper tone 
of the wall may lie far from the exciting tone, this is certainly much 
more the case with a membrane. The experiments with the pipes 
introduced in the previous paragraph also confirm this, for they only 
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then gave a result in the telephone when the open end or mouth of 
the pipes lay very near the sound-receptor, and even the experiments 
with singing confirmed this view. Just these experiments show the 
telephone weaker in comparison with the membrane-phonautograph, 
because in the latter, when the membrane is tuned for a tone, the tone- 
writing comes, whatever position the exciting tone may have had in 
reference to the sound-receiving side of the membrane-phonautograph, 
provided only it is nearenough. And yet it would seem that to close 
the battery by means of the vibrating platinum strip on the membrane 
demands less strength than to move the little pen so that it may be 
able to remove the lampblack on the writing cylinder. The results of 
the few experiments with the telephone appear moreover to indicate 
that it might perhaps be more advantageous for the production of 
tone-writing by means of the membrane-phonautograph, to make the 
latter of smaller dimensions than has been the case up to the present. 
In fact, Konig is already busy on new arrangements for the membrane- 
pltonautograph. Konig already hopes a better result for the written 
reproduction of simple sung melodies, if the wide opening of the 
paraboloid in the membrane-phonautograph be closed by a plate, 
which had a small opening for applying the mouth. 

In any case, a renewed study of the laws of the sympathetic 
vibrations of the membrane with especial reference to both pieces of 
apparatus will be necessary. Many think that the membranes must 
vibrate sympathetically to every tone, because all the tones are heard 
by means of the membrane in the ear, but in this respect it is very 
important to note that, according to Professor Mach (27), this may 
be brought about by a proper accommodation-mechanism in the ear. 
For me this supposition of an accommodation, according to the 
varying tensions of the tympanum, has a high degree of probability 
bordering on certainty. 

Philip Reis showed his apparatus for the first time in October, 
1861, in a very primitive form to the Physical Society at Frankfort- 
on-the-Main; on July 4, 1863, to the same society he showed the 
form represented in Fig. 60. This time he experimented over a dis- 
tance of 300 feet. Professor Bottger introduced the apparatus to the 
Naturforscher-Versammlung, at Stettin (1863), in the Physical Section. 


No. 31. REIS PROSPECTUS—FROM PISKO. 
Pisco’s Neueren Apparate der Akustik, Wien, 1865, p. 24T. 


26. Here may be the place for the prospectus which the inventor, 
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Mr. Ph. Reis, attaches to the apparatus furnished by him, and made 
by the artisan, Mr. Albert, in Frankfort. 

‘“ Telephon.’ “Every apparatus consists, as can be seen from Fig. 
60, page 96, of two parts, the telephone proper and the receiver C. 
These two parts are placed at such a distance from each other that 
the singing or toning of a musical instrument can be heard in no 
other way from one station to the other except through the appa- 
ratus. 

Both parts are connected with each other and with the battery B 
like common telegraphs. The battery must be sufficient to bring 
about at station A the attraction of the armature in the electro-magnet 
fastened at the side (3-4 six-inch Bunsen cells are sufficient for several 
hundred feet distance). 

The galvanic current goes from B to the post d, from here through 
the copper strip to the platinum-leaf on the middle of the membrane, 
then through the foot (at D, Fig. 60) of the angle to the screw 4, zx 
whose small hollow a small drop of mercury ts placed. From here the 
current goes through the small telegraph-apparatus e f, then back to 
the key of the station C and through the spiral over z back to B. 

If now sufficiently strong tones are produced in front of the sound- 
opening S, through the vibrations of the same, the membrane, and 
the angular-shaped little hammer lying upon it are set in vibration ; 
the circuit is alternately opened and closed at every full vibration, and 
hereby are produced in the iron rod of the spiral at station C the 
same number of vibrations, and these are perceived there as tone or 
tone-combination (accords). By laying the upper box tightly upon 
the axis of the spiral the tones at C are very much strengthened. 

Besides the human voice there can be produced (according to my 
experience) just as well the tones of good organ-pipes from F—c and 
those of the piano. For the latter purpose A is placed upon the 
sounding board of the piano. (Of thirteen common chords an ex- 
perienced experimenter could clearly recognize 10.) As regards the 
telegraphic apparatus attached to the side, this is clearly unnecessary 
for the reproduction of tones, but it forms a very agreeable addition 
for comfortable experimenting. By this it is possible to correspond 
right well and surely with one’s vis-a-vis. 

This takes place somewhat in the following simple manner :— 

After the apparatus is completely set up assurance is had of the 
continuity of the conductor and the strength of the battery by open- 
ing and closing the circuit, when at A the striking of the armature, 
and at C a very perceptible ticking of the spiral is heard. 
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By quickly alternately opening and closing at A it is asked at C if 
they are ready for experimenting, whereupon C answers in the same 
manner. 

Simple signals can, by agreement at both stations, be given by 
opening and closing the circuit once, twice, three times, or four times, 
for example :— 

I stroke = sing, 

2 strokes = speak, &c. 

I telegraph words by numbering the letters of the alphabet, and 
then communicating their numbers :— 

1 stroke =a, 

2 strokes = b, 

3 strokes — c, 

4 strokes = d, 

5 strokes =e, &c. 

z would in this way be designated by 25 strokes. 

This number of strokes would, however, waste time in representing, 
and would be difficult to count surely, wherefore I place a dactyl 
stroke for every five strokes, then we have, 


—oo for e, 
oo and 1 stroke for f, &c. 
Z == —00 —00 —Oo —0o0o0 —0o0, which is more quickly and easily 


carried out, and better to understand. 
It is still better to designate the letters by numbers which are in- 
versely proportional to the frequency of their recurrence. 


No. 32. KUHN’S DESCRIPTION OF REIS. 


Handbuch der Angewandten Elektricitatslehre VON Karu Kuun, 7865, 
pp. L017—- 1021. 


The experiments made by Reis in Frankfurt-a-M., on the 26th 
October, 1861, have proved, however, that when the breaks of the 
current [stromunterbrechungen] follow each other almost continu- 
ously and very quickly in a coil provided with a thin iron core, the 
iron wire can enter into longitudinal vibrations, and in this way be 
enabled to reproduce sounds of different pitch. An exact reproduc- 
tion of the sounds does not take place, however, but only an imita- 
tion; for this reason it cannot be questioned here of transverse vibra- 
tions [transversal schwingungen]. A phenomenon [erscheinung] has 
otherwise been heard of, which belongs to the afore-mentioned class, 
in which the intensity and the timbre [klang] of the sound accom- 
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panying it (the phenomenon) depend among other things on the 
strength of the current [strom starke] and on the number of breaks 
of the same, and in which, as it seems, the pitch of the tones also can 
vary under different circumstances. We can, however, hardly imagine 
by what arrangements it could be feasible to coax tones of any given 
height or depth out of an iron or metal tube split on one side, while 
it (the tube) is affected by the alternate currents of an‘induction appa- 
ratus the coil (rolle) of which surrounds it. Yet the possibility can- 
not be controverted that the principle of Neef’s circuit-breaker [unter- 
brecher] might contribute to the solution of the problem in question. 
It has been employed for local purposes either with or without modi- 
fications in the study and investigation of acoustic phenomena. Thus 
Petrina has used the principle of Neef’s circuit-breaker [unterbrecher ] 
for his electric harmonica in this way that instead of the Neef hammer 
a little rod was chosen, the transverse vibrations of which rendered 
There are four little rods of various length side by side, 


éé 


the tone. 
“the motions which are checked by means of levers managed by finger 
“keys.” That principle was used previously by Dove, in a modified 
manner, to set strained strings and elastic springs into acoustic vibra- 
tions of constant amplitude by means of an electric magnet, and, in 
this way, to be enabled to investigate constant tones. It appears from 
Legat’s published communications that “the ideas submitted by Ph. 
“Reis of Friedrichsdorf in the Physical Society and in the meetings of 
“the German Hochstift in Frankfurt-a-M. about the reproduction of 


’ 


“sounds by means of electricity” referred to arrangements of a simi- 
lar kind. Legat mentions in his paper all that has been done thus 
far towards the realization of that project, and we borrow from it that 
part only which throws some light on the construction of a telegraphic 
apparatus with which it is said to be possible to produce vibrations 
and make sounds in any desired manner, and through which the em- 
ployment of electricity is said to make it feasible to bring forth at any 
given distance vibrations similar to the first produced ones, and in this 
way to reproduce at a certain place tones originally produced at 
another place. 

This apparatus is composed of a transmitter and of a receiver. The 
transmitter (Fig. 504, page 101g) consists in a conical tube a 6 about 
15 cm. long, 10 cm. at the front, 4 cm. at the back opening ; the choice 
of the material as well as a greater length is indifferent; a greater 
width, on the contrary, is disadvantageous ; the surface of the iaterior 
must be as smooth as possible. The narrower back opening is 
closed by a membrane of collodion 0, and on the middle of the 
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circular surface formed by this membrane rests one end ¢ of 
lever c d, the fulcrum of which is held by a support and remains 


Fig. 504. 
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connected with the metallic circuit. This lever, one arm ec eé of 
which must be considerably longer than ¢ d, should be as light 
as possible so as to follow easily the motions of the membrane, as an 
uncertain obedience [folgen] on part of lever ¢ d would produce im- 
perfect tones at the receiving station. Inthe state of rest, the con- 
tact d g is shut and a weak spring xz holds the lever fast at rest. On 
the metallic support # which is connected with one of the poles of the 
battery is a spring g, with a contact which touches the contact of 
lever c d at d and the position of which is regulated by screw /; over 
tube a 6a disk must be placed which encircles the outer circumfer- 
ence of the tube closely, so that the efficacy of the apparatus may 
not be impaired through the effect of the air waves coming round 
and striking against the rear end. This disk at right angles with 
longitudinal axis of the tube measures about fifty (?) cm. in diame- 
ter. The receiver (Fig. 505) consists of an electro-magnet 7 7 which 
rests on a sounding board, and the coil of which is in connection with 
the metallic conductors, and with the ground. Opposite the electro- 
magnet is an armature connected witha lever as long as possible, but 
light and broad, which latter, with the armature, is fastened pendulum- 
like on the support 2. Its motions are regulated through screw / or 
spring 0. “ Inorder to increase the efficacy of the apparatus, this re- 
ceiver can be placed in one focus of an ellipsoidal enclosing box of 
suitable size, while the ear of the hearer is placed at the other focus.” 
The working of the two apparatus (the mode of connection of which 
is visible in the wood-cuts), the transmitter being placed at one station 
and the receiver at the other, is as follows: By speaking, singing, or 
the intromission of instrumental sounds into tube a 4, in consequence 
of the condensation and rarefaction of the column of air, a motion of 
the membrane ¢ corresponding to these changes is brought about. 
Lever c d follows the motions of the membrane, and opens or closes 
the circuit, according as a condensation or a rarefaction of the air in- 
side takes place. As a consequence the electro-magnet m m (Fig. 
505) is correspondingly demagnetized or magnetized, and the arma- 
ture affixed to it (as well as the armature lever) is set into similar vi- 
brations as the membrane of the transmitter. Through lever z con- 
nected with the armature, similar vibrations are communicated to 
the surrounding air and (the increasing effect of the sounding 
board helping) the tones so produced finally reach the ear of the 
listener. In respect to the operations of this apparatus, the author 
remarks that the receiver does reproduce the exact number of the 
original vibrations, but that a reproduction of the original intensity 
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has not yet been attained. For that reason, it is added, small differ- 
ences in the vibrations are appreciated with difficulty, and in the 
practical experiments made thus far, it was possible to transmit with 
astonishing faithfulness chords, airs, &c., whilst in reading, speaking, 
&c., single words were more indiasinesly heard. The apparatus just 
described is said to have been one of the constructions which Reis 
has used himself in his experiments. The underlying principles 
might give hopes of a farther improvement of the apparatus, but the 
telephone which, according to later reports, Reis has finally decided 
upon, has the disposition represented in Fig. 506, although the prin- 
ciple on which it is founded does not stand quite in harmony with the 
above-mentioned investigations of Wertheim, for instance. 
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The telephone proper A consists of a hollow wooden box provided 
with a short sound-funnel S, and the upper side of which is open in 
the centre and covered over tightly with a delicate membrane. On 
the middle of the latter a thin platinum disc is fastened, from which 
on one side a platinum strip establishes circuit connection with the 
contact of the key at e, from which place the metallic connection is 
effected with one end of the coil of a small electro-magnet provided 
with a spring armature, whilst the other end is in contact with screw 
yf. The reproducing apparatus C set up at the receiving station consists 
simply of a coil about six inches long formed by winding six layers of 
copper wire; in the axis of the coil a thin iron wire ten inches long (a 
knitting-needle), protruding out of each end of the coil about two 
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inches, is so disposed that with its bridge-like supports it rests on a 
sounding-board. By means of screw z and of the key at # ¢ the coil 
is thrown into the circuit and the connection of both apparatus is 
effected in the manner mentioned; a battery being placed at B, the 
course of the current is easily followed out. It can flow from B 
through dc and c 6 to e and Ff, and from here to the receiving station, 
and at z return to the battery, or it can start in the opposite direction 
according as d or z forms the starting point of the current. The cir- 
cuit can be broken at will at each of the two stations by pressing the 
key lever, and a connection can be established thus in either direction, 
but the discontinuous currents which are to produce the sounding of 
the iron wire at C are obtained in this way: By singing or the blow- 
ing of instruments towards the sound-funnel S the membrane at A is 
made to vibrate; if this can be brought about, it will happen, as was 
demonstrated by the experiments, that the iron wire of the receiver 
assumes isochronal vibrations, and whenever this is the case, it repro- 
duces the same tones which set the membrane to vibrating at the 
transmitting station. 

My own experiments have demonstrated that every melody start- 
ing from c and embracing the entire extent of an average male voice, 
when sung into the telephone can be reproduced by the receiver at C. 
The timbre [Klang] or quality of the sounds thus reproduced is not 
pleasant—they are almost like the sounds of toy trumpets, at times 
also like the buzz of a fly caught in a spider’s web, and the like; yet 
the experiments of Reis are certainly interesting enough to challenge 
attention. 

A reproduction of the words spoken into the telephone with or 
without variation of pitch was audible at the receiver only in a cor- 
responding noise [entsprechendes Gerausch], while a discriminate per- 
ception of single vocal sounds, syllables, or words could not be had. 
According to communications made on this subject by Reis, he has 
succeeded in reproducing the tones of organ-pipes not covered, and 
those of a piano; in this latter case the transmitter was placed on the 
sounding-board of the piano. 


No. 33. HASSLER’S DESCRIPTION OF REIS. 


Hasster’s Lechnical Physics. Vienna, 1866, Vol. I, p. 648. 


The subject of phonotelegraphy will end this chapter. This rests 
upon a phenomenon first observed by Page, afterwards confirmed by 


r 
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Mariani, and more exactly studied and experimented upon by Wert- 
heim ; that is, that iron, under the influence of alternate magnetizing 
and demagnetizing by means of a galvanic helix, is set in longitudinal 
vibration and gives forth sound; and Reis showed beyond doubt the 
possibility of phonotelegraphy by means of an apparatus called by 
him telephone (Fig. 429), consisting of two parts—the actual tele- 
phone (I), and the reproduction apparatus (II), used at the second 
station at a distance. Both parts are connected with one another and 
with a battery s, as in ordinary telegraphs. The battery s must be 
strong enough to work the armature a@ of the electro-magnets e e 
(three or four six-inch Bunsen’s elements are sufficient for a distance 
of several hundred feet). The current passes from s to the binding 
screw 2, thence through the strip of copper z into the disc of platinum 
0, resting on the middle of a thin circular membrane (hog’s gut), 
stretched across the upper end of the wooden box £, afterwards it 
goes through the foot (platinum point) of the metallic angle @ 4 ¢ (this 
point standing on the disc 9a), into a vertical screw, provided with a 
small cavity at its upper end containing a drop of mercury, into which 
there dips from @ aa platinum point suspended above, while the angle 
a@o6c rests atc ona small metallic pillar, so as to be very easily made 
to vibrate about @ andc. From this pillar (at c) the current goes 
through the key ¢ and into the binding screw z connected with the 
wire leading to the pillar, thence through a wire stretched from this 
screw into the binding screw 3 on the apparatus 4, then through the 
key ¢ of this apparatus into the bobbin ¢ (magnetizing coil), enclosing 
the iron or steel wire @ d, of the thickness of a knitting-needle, into 
the binding screw 4, and finally thence by wire back to the second 
pole of the battery s. If, now, we produce sufficiently strong tones 
by means of organ-pipes in front of the opening of the tube T (or sing 
them through the tube T in the hollow box 4), the waves of the sound 
set the membrane 7 into regular vibrations. Every condensation 
occurring beneath 7, at once raises the disc of platinum 0, together 
with the platinum point 6 (the foot of the angle a 6 c); when the rare- 
faction occurs and #z moves downward again, the angle @ 6c cannot 
immediately follow the disc 0, and the current is interrupted, and a 
similar interruption occurs with every vibration of 7, and in this way 
are produced just as many vibrations in the wire dd of the coil g, at 
station II, as the membrane makes; these vibrations are perceived 
there as tones and combination of tones (accords). These tones are 
much strengthened by covering the coils with a box of resonant 
wood d, for a sounding-board, so placed as to fit the sounding-board, 
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b, below. The keys X and X make it possible to communicate short 
messages as necessity arises, between stations I and II. (4. g., to sig- 
nify from II to I that they are ready to receive communications at IT.) 
For by pressing down the keys the electro-magnet ¢ is included in the 
circuit, the armature a drawn up and made to strike upon e. 

The telephone is yet in its infancy, it is true, but even now, by em- 
ploying powerful currents, it transmits at a distance not only solitary 
tones, but even tunes consisting of slow consecutive tones, quite per- 


ceptibly and distinctly. 
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CROMWELL FLEETWOOD VARLEY, of Beckenham, in the County of 
Kent. “IMPROVEMENTS IN ELECTRIC TELEGRAPHS.” 


[5] This Invention has for its object the increase of the transmitting 
_ power of telegraph circuits by enabling more than one operator to 
signal independent messages at the same time upon one and the 
same wire to and from independent stations. 

In working land lines it is usual to produce the signals by means of 
the passage [10] of a current of electricity producing magnetic action, 
as in the Morse or Hughes instruments, or chemical action, as in the 
Baines machines. 

By my Invention I superpose upon the currents used for working 
the ordinary telegraphs rapid undulations or waves which do not 
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practically alter the mechanical or chemical power of the ordinary 
| signal currents, and by new apparatus hereinafter [15] described these 
undulations are made to produce distinct and independent audible or 
other signals so long as these undulations are produced, whether 
ordinary signal currents be flowing or not. 

As a rough mechanical illustration of the way in which I propose to 
pass two sets of electric signals simultaneously and in either direction 
through the same line [20] wire without interference I will suppose a 
rope stretched over two distant pulleys by means of weights at each 
end; if the near weight be raised the distant one falls. In this way signals 
are transmitted by the connecting rope, which may be called current 
signals; if now two small pulleys capable of rising and falling rest upon 
the rope between but near to the supports they will simply rotate when 
the rope is [25] shifted backwards and forwards; if now an operator 
at one end strike the rope vibrations or waves will be produced which 
will cause the other small pulley to dance or make vibration signals, 
Consequently the operator who shifts and the operator who strikes the 
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rope can each produce independent signals on one and the same 
rope. 

Suppose the rope to travel over several fixed pulleys, the operation 
of shifting the rope will produce distinct current signals from end to 
end of the line as-before, but between each fixed pulley vibrations can 
be produced, and so a number of [5 | intermediate stations can commu- 
nicate independently of each other and independently of the current 


signals through the line. 
With this mechanical simile the following will be more easily under- 


stood. 
The way in which I carry my electric Invention into operation is as 


follows :— 

An electro-magnet offers at the first moment great opposition to the 
passage ofa [10] current of electricity, and therefore it may be consid- 
ered as partially opaque to the transmission of very rapid alternations 
or electric waves. 

I attach to the line at desirable parts condensers. In the first 
instance I will assume only two condensers, one at each end, attached 


near each end of an ordinary telegraph line. [15] 
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The first or communicating station produces in its condenser rapid 
charges and discharges ; these add to and take from the line a number 
of small electric impulses without affecting the mean magnetizing 
power of the currents through the line. These impulses charge and 
discharge the second condenser at the other end. [20] 

These undulations in the second condenser can be utilized in the 
following manner :— 

1. If the condenser be made of paper and metal foil the rapid 
charges and discharges produce a musical sound. 

2. If those rapid alternations be made to pass round a helix con- 
taining an iron [25] rod a musical sound is produced. 

3. If these currents pass round a helix containing a magnetized har- 
monium tongue the currents make it vibrate audibly if the currents 
be properly timed, and the effect is increased if a feeble current of air 
be passing the tongue. By adding tubes of proper length and 
sounding-boards and other appliances for communicating [30] vibra- 
tions the power of the signal is increased. 

4. By placing the magnetized tongue of a musical comb between 
the poles of an electro-magnet with only a small iron core, or inside 
a coil, it is made to vibrate whenever these undulations are passing. 

Another method of producing sound from the undulations consists 
of stretching a [35] music wire through hollow trelices; the currents 
magnetize and demagnetize the tone, this wire being also placed be- 
tween the poles of permanent magnets. 

Harmonious currents cause this wire to vibrate. In some cases 
it may be useful to employ inharmonious currents to stop or silence 
the vibrations. 

The two latter methods will only speak when vibrations or harmony 
with the [40] tongue are made to pass, and consequently in some cases 
two or more distinct sets of vibrations can be made to act on two or 
more sets of apparatus differently tuned, and to permit of several dis- 
tinct communications to be transmitted simultaneously upon the same 
section of a single line wire. 

By introducing between the receiving condenser and a Morse or 
other ordinary [45] receiving instrument a current reverser keeping 
time with the vibrations, these alternating currents are made to flow 
threugh the receiving instrument in one direction, and are then com- 
petent to work the Morse or other ordinary receiving instrument. 

6. When it is desirable to subdivide the vibrating sections of a line 
an electro-[50] magnet, or, what is better, two electro-magnets are in- 
serted in the circuit, and a condenser may with advantage be placed 
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between the circuit and the earth connecting the condenser with the 
circuit between the two electro-magnets. 

In this way, without interfering materially with the ordinary signals 
through the line, the vibrating sections are separated from each other 
by withdrawing the iron [55] cores from the electro-magnets, or short 
circuiting the electro-magnets the vibrations are passed through to the 
next station. 
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7. Another method consists of inserting a reflecting galvanometer 
between the condenser and the earth (or between the line and the 
condenser) ; the vibratory or secondary signals can be read off by ob- 
serving its vibrations. 

8. Vibrations are rendered sensible by placing a moveable iron bar 
between the [5] poles of an electro-magnet or inside a helix, and one 
or both of its ends between the poles of permanent magnets ; the latter 
are covered with brass or any non-magnetic matter; the vibration 
currents cause: it to vibrate between the poles of the electro or per- 
manent magnets, and so produce distinctly audible sounds. 

g. There are other methods of utilizing these superposed vibrations, 
such as [10] connecting to the condenser an electrometer like that of 
Milner or Pettier. An intermediate Morse or other such line instru- 
ment would cut off the vibration signals or reduce them much; this 
opposition of the intermediate electro-magnet may be cut off by con- 
necting the terminals of a condenser to the circuit on each side of the 
magnet. 

[15] There are several methods of producing these vibrations in the 
wire :— 

ist. If a tuning fork be placed between the poles ofan electro-mag- 
net with a spring contact so arranged that when at rest the battery 
current flows through the electro-magnet the latter will attract the 
tuning fork and break the circuit; the magnetism then ceases, and the 
tuning fork springs back and renews the circuit; in [20] this way it 
keeps vibrating so long as the battery is in action. 

A secondary wire around this magnet produces currents in oppo- 
site directions, and by placing this secondary wire in circuit with the 
line wire the necessary vibrations are produced. 

2d. The secondary wire may be connected between the earth and 
the condenser [25] attached to the line wire; this method does not 
add to the resistance of the main circuit, and is therefore preferable. 
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3d. A tongue similar to those used in harmoniums is made to vi- 
brate by air between contact points, and so connect the condenser 
alternately with the battery and the ground, and so produce the alter- 
nations, or it may be made to connect the [30] condenser alternately 
to the + or — pole ofa battery whose opposite poles are connected 
to the earth. 

4th. A magneto machine rapidly rotating will do the above duty 
equally well if its speed of rotation be controlled by a good governor. 

The tuning fork and vibrating tongue arrangement can be set to 
and can keep [35] up any desirable rate of vibrations. 

The ordinary telegraph keys and switches are used for connecting 
the various parts of the apparatus together. 

In constructing the dry paper condensers it is best to dip the paper 
in varnish and attach metal leaf (such as gold, silver, or copper) to 
the paper, and lay these [40] metal coated papers between metal foil. 

The double speaking apparatus of Dr. Gintl, or of Firschen, can be 
used on lines working with the above described vibrations. 

When these are used I prefer inserting a hollow helix between the 
double speaker and the line, and by inserting iron rods in this helix 
the difficulty arising [45] from the inductive capacity of the line is 
almost wholly removed. This is a new improvement, and will render 
these apparatus actually useful instruments. 
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SPECIFICATION in pursuance of the conditions of the Letters 
Patent filed by the said Cromwell Fleetwood Varley in the Great 
Seal Patent Office on the 8th October 1870. 


CROMWELL FLEETWOOD VARLEY, of Beckenham, in the County of 
Kent. “IMPROVEMENTS IN ELectric TELEGRAPHS.”’ [5 ] 


This Invention has for its object the increase of the transmitting 
power of telegraph circuits by enabling more than one operator to 
signal independent messages at the same time upon one and the same 
wire to and from independent stations. 

In working land lines it is usual to produce the signals by means of 
the passage [10] of a current of electricity producing magnetic action, 


184 ELECTRIC TELEGRAPHS. 


as in the Morse or Hughes instruments, or chemical action, as in the 
Baines machines. 

By my Invention I superpose upon the currents used for working 
the ordinary telegraphs rapid undulations or waves which do not 
practically alter the mechanical or chemical power of the ordinary 
signal currents, and by new apparatus herein-[ 15 |after described these 
undulations are made to produce distinct and independent audible or 
other signals so long as these undulations are produced, whether 
ordinary signal currents be flowing or not. 

As a rough mechanical illustration of the way in which I propose to 
pass two sets of electric signals simultaneously and in either direction 
through the same line wire [20] without interference, I will suppose a 
rope stretched over two distinct pulleys by means of weights at each 
end. Withsuch an apparatus, if the near weight be raised the distant 
one falls, and in this way signals may be transmitted by the connect- 
ing rope, which may be called current signals. If now two small pul- 
leys capable of rising and falling rest upon the rope between but near 
to the supports they will [25] simply rotate when the rope is shifted 
backwards and forwards; but if now an operator at one end strike the 
rope vibrations or waves will be produced, and will cause the small 
pulley at the other end to dance, and so vibration signals may be 
given. Consequently the operator who shifts and the operator who 
strikes the rope can each produce independent signals on one and the 
same communicating cord. [30] Suppose the rope to travel over several 
fixed pulleys the operation of shifting the rope will produce distinct 
current signals from end to end of the line as before, but between each 
fixed pulley and the next to it vibrations can be produced, and so a 
number of intermediate stations can communicate independently of 
each other, and independently of the current signals through the line. 
[35 

With this mechanical simile the following will be more easily under- 
stood. 

The way in which I carry my electric Invention into operation is as 
follows :— 

Condensers are attached to the line at the places where the wave 
signals are to be communicated and received. In the first place let 
us assume only two condensers, one at each end, attached near each 
end of an ordinary Morse telegraph circuit. The [40] first or communi- 
cating station to make a signal produces in its condenser rapid charges 
and discharges by means described; further on these add to and take 
from the line a number of small electric impulses without affecting the 


ELECTRIC TELEGRAPHS. 185 


mean magnetizing power of the ordinary Morse currents through the 
line. These impulses charge and discharge the second condenser at 
the other end, and this condenser is coupled with [45] a receiving in- 
strument which is sensitive to these undulations and renders them 
apparent by sound or otherwise. 

_ Fig. 1 is a diagram of the instruments at one of the stations of 
such a line; @is the line wire, I will suppose it to be an ordinary 
land line wire 50 miles long and suspended in the usual way; @ is the 
Morse instrument, c the sending key for [50] the Morse signals, d the 
battery in connection with this key, and ¢ its earth connection; fis a 
condenser of about 3 micro farads, one armature of which I couple 
with the line wire and the other with a key ¢, which when not de- 
pressed puts the condenser in communication with the wave signal 
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receiving instrument 4, which I call a “‘cymaphen;” this instrument 
is shown at Figs. 2, 3, and 4. The key g when depressed for sending 
a wave signal puts the condenser in connection with the apparatus by 
which such waves are generated; this apparatus consists of a battery z; 
ten quart cells of Daniel’s battery will be suitable. 

[5] One pole of the battery z is connected with the tuning fork 4; this 
fork may conveniently be of such dimensions as to make 200 vibrations 
ina second. /!,/?, are two platina pointed contact making springs, 
capable of fine adjustment by means of screws. The spring 7+ when 
the fork is at rest is in metallic contact with it or with a metal arm at- 
tached to it, and the spring 7? is removed just out of [10] contact. The 
current from the battery z then passes in the coils of the electro-mag- 
net #z, the poles of which have between them the two horns of the 
tuning fork. The coils of this magnet may be about 3% inches long, 
and 11% inches diameter, and of No. 16 (B.W.G.) silk covered copper 
wire. When the current is flowing through the coils of the electro- 
magnet the horns of the fork 4 are drawn [15 ]| apart and the spring 73 
loses its contact ; then as the attraction of the magnet ceases the horns 
of the fork spring back ; this re-makes the contact, and so a continual 
tremor is communicated to the tuning fork. In the same circuit with 
the electro-magnet there is at x a primary coil wound upon a bundle 
of iron wires as a core, and on the same core but wound in the oppo- 
site direction is a second [20] primary coil which is in connection with 
the spring /?, so that currents pass alternately in the two primary coils, 
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and at each alternation the polarity of the core is reversed. Onthe core 
there is also another or secondary coil, in which currents are induced 
by the changes of polarity of the iron core. One end of this second- 
ary coil is connected with the earth, and the other when a wave signal 
is to [25] be sent is by the key g put in connection with the condenser 
J, and produces in it rapid charges and discharges. 

The core may conveniently consist of a bundle of thin soft iron 
wires, I inch in diameter and 32 inches long. On the centre of the 
bundle is wound for a length of eight, the first primary coil consisting 
of four layers of No. 16 silk covered [30] copper wire. Over this is 
wound the second primary coil, consisting also of four layers, and 
outside this again is wound the secondary coil consisting of eight 
layers of No. 24 silk covered wire. The ends of the bundle com- 
posing the core are folded over so as completely to enclose the coils. 

A small resistance coil 0, or a condenser of about two micro farads, 
is placed [35] between the poles of the secondary coil to take off the 
violence of the shock, so that the operator shall not be inconvenienced, 
The wave signal receiving instrument / is shown in plan at Fig. 2, in 
longitudinal section at Fig. 3, and in transverse section at Fig. 4. It 
consists of an iron frame containing a sounding board a over bridges, 
at the ends of which a hard drawn iron or steel wire 0 is [ 40] stretched 
from one end to the other; this wire is about four feet and six inches 
long between the bridges; it is of No. 14 gauge, and 1s strained so as 
to sound the same note as the tuning fork of the sending instrument. 
This wire passes through a hollow helix c, three inches in length, + of 
an inch internal diameter and 1% inches external diameter. The 
helix is wound with .No. 35 B. W. G. copper wire insulated [45] with 
silk, This coil is attached to the frame supporting the sounding 
board, but does not touch the latter. Two horse-shoe magnets d are 
placed one on each side of the wire. The currents magnetize the 
wire inside the helix, and so cause it to be attracted and repelled from 
one magnet to the other. When the wire is properly tuned so as to 
vibrate synchronously with the apparatus at the distant end making [50] 
the alternations in the current the sound from very feeble currents is 
distinctly audible. <A piece of felt or leather resting against the wire 
is sometimes used to “damp” the wire and stop its vibrations as soon 
as the impulses cease. 

A small piece of metal similar in dimensions to a gold five franc piece 
may be made to rest by a spring lightly against the sounding board 
somewhere near its [55] centre. When the vibrations of the latter 
are powerful enough to make this piece of metal dance, the sound is 
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increased in power four or five times by this little disc or sound rein- 
forcer, or the sound may be augmented by clipping on to the wire 
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near the helix a disc of about the size of a penny piece of thin sheet 
metal; this causes the vibration of the wire to produce a greater 
disturbance in the air than it otherwise would, and a louder sound is 
perceived. 

By attaching a stethescope to the sounding board for the reader to 
rest his ear against very feeble sounds are rendered sufficiently audible ; 
I prefer to use a [5] Scott Allison’s stethescope. 

The sounding board may be replaced bya strained diaphragm or 
drum-head, on which one of the bridges over which the wire is strained 
is supported ; this arrangement gives a better sound with very feeble 
currents, but with moderate currents the sounding board appears to 
have the advantage. [10] 

Two sets of wave signals may be transmitted and received simul- 
taneously through the same wire, and independently of the current 
signals if a sufficient difference be made in the periods of the two sets 
of waves. ‘Thus, if waves of 200 vibrations in the second, and waves 
$50 or goo vibrations in the second, be simultaneously transmitted 
and received by two separate cymaphens, the one adjusted to [15] the 
slow, and the other to the rapid vibrations, they may be separately 
read, as the vibrations which affect the one are inoperative on the other, 
This arrangement is not applicable when working long distances, as 
rapid waves would in a long distance be lost. 

Fig. 5 isa diagram illustrating the arrangements I make when the 
wave [20] signals are used to communicate between intermediate or 
branch stations without interfering with the working by ordinary in- 
struments of the main line; @ is the line wire, say between London 
and Southampton, and through it it is desired that the intermediate 
station, Basingstoke, shall without interference with the through mes- 
sages be able to communicate to and fro with the branch stations, 
Windsor and [25] Salisbury. At these branch stations I provide wave 
signal apparatus such as already described in respect to Fig. 1, coupled 
with condensers 61, 62, at the places where the branches run into the 
main line. At the intermediate station, Basingstoke, I divide the line 
wire into two sections (as far as the wave signals are concerned), by 
introducing at ¢ an instrument which is opaque to these waves, whilst 
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Vibrations are rendered sensible by placing a moveable iron bar be- 
tween the poles of an electro-magnet or inside a helix, and one or both 
of its ends between the poles [40] of permanent magnets; the latter 
are covered with brass or any non-magnetic matter. The vibration 
currents cause it to vibrate between the poles of the electro or perma- 
nent magnets, and so produce distinctly audible sounds. Another 
method of utilizing these alternations is by introducing between the 
receiving condenser and a Morse or other ordinary receiving instrument 
a current reverser keeping [45] time with the vibrations; these alter- 
nating currents may be made to flow through the receiving instrument 
in one direction, and are then competent to work the Morse or other 
ordinary receiving instrument. Ora similar result may be obtained 
by the arrangement shown at Fig. 6, which consists in connecting the 
receiving condenser to two “ Geisler’s ”’ vacuum tubes a and 4; the lat- 
ter are connected with [50] voltaic batteries C, Z, consisting of a large 
number of elements. The one tube @ is connected to the “ positive 
“pole” of a battery whose “negative pole” is connected to the earth. 
The second tube 4 is connected to the “negative pole” of a battery 
whose “ positive pole” is to earth. These batteries must have nearly 
power enough to make a current pass through the tubes; for example, 
supposing three hundred [55] cells of a battery be able to leap across 
the exhausted tube, 290 should be used with each tube. When a posi- 
tive current arrives it will help the battery whose positive pole is con- 
nected to the earth, and cause a current to pass through its tube 4. 
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The next instant the current is reversed; this causes a current to pass 
through the other tube a; in this way an electric valve is produced 
separating the positive from the negative currents, and producing a 
rapidly intermittent current in one direction only. If a reflecting gal-. 
vanometer be enclosed in the circuit formed by the batteries and the 
tubes the wave signals will be indicated by it. [5] 

Another method of producing an electric valve for separating the 
positive from the negative currents is illustrated by Fig. 7, and con- 
sists in connecting, say 5 cells of Daniel’s battery with 3 cups con- 
taining dilute sulphuric acid with platinum plates joined up so as to 
form 3 decomposition cells in series. Between the battery and the 3 
cups is inserted the galvanometer or other instrument that is to be [10] 
worked ; the junction between the instrument and the cups or decom- 
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position cells is connected to the condenser. The other junction be- 
tween the battery and the decomposition cells is connected to the 
earth. The first action of the battery is to polarize the platinum plates 
when the current almost entirely ceases, the three pairs of polarized 
platinum plates balancing the 5 Daniel’s cells. The momenta [15] cur- 
rent arrives from the condenser it finds two channels open to the earth 
—the one the battery, the other the decomposition cells. Suppose the 


positive pole of the battery to be in connection with the earth anda 


positive current arriving from the condenser, at first it divides itself, part 
going through the battery, part through the decomposition cells. The 
action of the current upon the latter is to depolarize [20] them, and 
they then immediately resist its flow. 

The next momenta negative current flows from the condenser; this 
negative current is assisted by the partly depolarized plates, and the 
battery and the former become repolarized. It is best to wrap the 
instrument, as the diagram shows, with two wires connecting the one 
with the cups, the other wire with the battery, and [25] their junction 
with the condenser. 

The result is that whether it be a negative or positive current that is 
sent into this arrangement, the action upon the instrument is the same, 
and thus out of alternating currents a continuous action is produced. 

The platinum plates for this purpose must be very small and very 
close together, [30] to reduce as much as possible their inductive ca- 
pacity and resistance. 

Another method consists of inserting a reflecting galvanometer be- 
tween the condenser and the earth (or between the line and the con- 
denser); the vibratory or secondary signals can be read off by observ- 
ing its tremor. The mirror of this galvanometer must be deadened by 
water or other damper, and it is best to produce [35] the signals by in- 
terrupting the vibrations instead of the reverse. The vibrations keep 
the mirror oscillating, the image becomes spread out, and the light 
enfeebled. The moment the vibrations are cut off the light contracts, 
The effect is the “spread out” light is feeble, the “ concentrated ”’ is 
bright, and thus the signals can be flashed by long and short duration 
like the Morse alphabet. [40] 

Another method of utilizing these superposed vibrations is to con- 
nect to the condenser an electrometer like that of Milner or Pettier. A 
resistance coil of about 1000 ohms is connected between the condenser 
and the earth as a shunt to the electrometer to prevent the Morse 
signals from affecting it to any sensible extent ; or the wave signals may 
be read by the sense of touch. For this purpose [45] I use a handle 
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made of hard charcoal, and divided into two parts longitudinally. The 
parts are separated by a sheet of gutta percha, and are connected, the 
one with the armature of the condenser, the other with the earth. The 
handle being moistened and covered with a rag wetted with weak salt 
and water, is firmly grasped in the hand. [50] 

An intermediate Morse or other such line instrument would cut off 
the vibration signals or reduce them too much; this opposition or 
opacity of the intermediate instrument is destroyed by connecting the 
terminals of a condenser to the circuit on each side of the magnet. 
Thus, if I wish wave signals to pass a Morse instrument I couple the 
armatures of a condenser of 3 to 10 microfarads with the line [55 | wire, 
one on either side of the Morse instrument. The working of the 
Morse line, if there are many instruments in circuit, is also in this way 
improved. 
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There are several methods of producing electric waves in the lines 
in addition to that already described. 

A tongue similar to those used in harmoniums is made to vibrate 
by air between contact points, and so connect the condenser alter- 
nately with the battery and the [5] ground, and so produce the alterna- 
tions, or it may be made to connect the condenser alternately to the 
+ or — pole of a battery whose opposite poles are connected to the 
earth. 

A magneto machine, rapidly rutating, will do the above duty equally 
well if its speed of rotation be controlled by a good governor. 

[10] ‘The double speaking apparatus of Dr. Gintl, or of Frischen, can 
be used on lines working with the above described vibrations. 

Fig. 8 is a diagram of this arrangement. a is the line wire; J, 4, 
the condensers; c, c, the cymaphens, wave signal transmitters, and 
parts connected therewith; d, d, are the current signal keys and bat- 
teries ; and g, ¢, are the magnets [15 ] of Dr. Gintl or Frischen’s receiving 
instruments; and /, /, are their resistance coils. I prefer wrapping the 
magnets ¢, ¢, with three or four wires, using one wire between the key 
and the earth through its resistance coil, and the two or three wires 
joined into one circuit attached to the line wire. I insert a hollow helix 
between the double speaker and the line, and by putting iron rods in 
this helix the difficulty [20] arising from the inductive capacity of the 
line is almost wholly removed; this is a new improvement and will 
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render these apparatus actually useful instruments. ‘Che helix may 
conveniently be of No. 26 silk covered wire and 10 inches long, with 
a diameter inside of 1% inches, and outside of 4 inches; small iron 
rods are placed in this helix one by one until it is found that the 
finger key does not affect [25] the indicator of the home receiving in- 
strument. By using these instruments, these apparatus together with 
cymaphens, as, is shown in Fig. 8, three messages can be sent from 
end to end of such a circuit at the same time independently of each 
other ; for this purpose the cymaphen key must have a spring contact 
so that the circuit between the condenser and the earth is never 
broken until the contact with [30] the secondary coil is complete. 

I would remark that in electric telegraphs the use of sound signals 
is not claimed by me and is not new; for example, in working step 
by step instruments in which a pointer should indicate the desired 
letter on a dial, it has been common when the instrument is out of 
order and fails to indicate correctly to give sound signals ; by [35] its 
means such sound signals are read according to the Morse alphabet, 
a short sound such as the escapement of the receiving instrument 
makes when moving a few steps only representing a dot, and a long 
sound such as the escapement makes when moving over many steps 
representing a dash. 

Having thus described the nature of my Invention, and the manner of 
performing [40] the same, I would have it understood that I claim the 
construction of electric telegraphs in such manner that current signals 
and wave signals may be simultaneously transmitted through the 
same line wire, and may be rendered sensible at the receiving station 
by separate instruments, the one sensitive to currents of appreciable 
duration and the other ¢o electric waves or vibrations. ! 

[45] I also claim the construction of electric telegraphs with, at the 
transmitting station, an instrument capable of originating in the line 
wire a succession of rapid and regular electric waves, and at the receiv- 
ing station a strained wire, a tongue, or such like instrument adjusted 
to vibrate in unison with the electric waves, and being magnetized by 
them oscillating to and from the pole or poles of a magnet in its 
[50] vicinity. 

I also claim in the construction of electric telegraphs the dividing a 
conducting wire into sections by instruments which I have called 
“echocyme,” which allow current signals to pass freely but stop wave 
signals, so that whilst the wire is being used as a whole for through 
signals the sections into which it is divided may each [55] or all be 
employed for the transmission of local messages. 
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I also claim the construction of electric telegraphs with, at the 
transmitting station, an instrument capable of originating in the line 
wire a succession of rapid and regular electric waves, and at the receiv- 
ing station a condenser, consisting of thin sheets, capable of being 
agitated by such waves. 
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I also claim the construction of electric telegraphs with, at the 
transmitting station, an instrument capable of originating in the line 
wire a succession of rapid and regular electric waves, and at the 
receiving station an instrument which on [5] receiving such waves 
delivers a current of electricity to an indicating or receiving instru- 
ment suitable to be worked with ordinary current signals. 

I also claim the combination with Dr. Gintl and Frischen’s double 
speaking apparatus of a hollow helix connected between the receiving 
instrument and the line wire, such helix having rods or pieces of iron 
inserted into it. [10] | 
In witness whereof, I, the said Cromwell Fleetwood Varley, have 

hereunto set my hand and seal, this Seventh day of October, 

in the year of our Lord One thousand eight hundred and 
seventy. 


CROMWELL F. VARLEY. (.s.) 


LONDON : Printed by GEORGE EDWARD EyrE and WILLIAM SpoTTISWOODE, 
Printers to the Queen’s most Excellent Majesty. 
For Her Majesty’s Stationery Office. 
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EXTRACTS OF PROCEEDINGS OF THE SOCIETY 
OF TELEGRAPH ENGINEERS. 


Special General Meeting, held at 25 Great George Street, Westmin- 
ster, on Wednesday, the 31st October, 1877. PROFESSOR ABEL, 
C. B., F. R. S., President, in the Chair. | 


The PRESIDENT :—Gentlemen, the Council of the Society of Tele- 
graph Engineers felt that they were sure of doing what the members 
would consider right in summoning a special meeting for the two-fold 
purpose of giving a welcome to Professor Bell to this country and 
affording the members an opportunity of hearing from him an ac- 
count, which he has been so good as to promise to give us, of the 
nature, history, and development of, what may well be called, one of 
the most interesting discoveries of our age. Our time is very pre- 
cious this evening. We all desire to hear everything Professor Bell 
can tell us on this subject, and many gentlemen will probably desire 
afterwards to ask questions or discuss the subject, for I see present a 
great number of eminent scientific men. I will not waste another 
moment, but at once call upon Professor Bell to commence his dis- 
course on the Electric Telephone. 


RESEARCHES IN ELECTRIC TELEPHONY. 


3¥ PROFESSOR ALEXANDER GRAHAM BELL. 


PROFESSOR BELL:—Mr. President and Gentlemen of the Society of 
Telegraph Engineers. It is to-night my pleasure, as well as duty, to 
give you some account of the telephonic researches in which I have 
been so long engaged. Many years ago my attention was directed to 
the mechanism of speech by my father, Alexander Melville Bell, of 
Edinburgh, who has made a life-long study of the subject. Many of 
those present may recollect the invention by my father of a means of 
representing, in a wonderfully accurate manner, the positions of the 
vocal organs in forming sounds. Together we carried on quite a 
number of experiments, seeking to discover the correct mechanism of 
English and foreign elements of speech, and [ remember especially ar 
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investigation in which we were engaged concerning the musical rela- 
tions of vowel sounds. When vowel sounds are whispered, each 
vowel seems to possess a particular pitch of its own, and by whisper- 
ing certain vowels in succession a musical scale can be distinctly per- 
ceived. Our aim was to determine the natural pitch of each vowel ; 
but unexpected difficulties made their appearance, for many of the 
vowels seemed to possess a double pitch—one due, probably, to the 
resonance of the air in the mouth, and the other to the resonance of 
the air contained in the cavity behind the tongue, comprehending the 
pharynx and larynx. 

I hit upon an expedient for determining the pitch which at that 
time I thought to be original with myself. It consisted in vibrating 
a tuning-fork in front of the mouth while the positions of the vocal 
organs for the various vowel sounds were silently taken. It was 
found that each vowel position caused the reinforcement of some par- 
ticular fork or forks. 

I wrote an account of these researches to Mr. Alex. J. Ellis, of 
London, whom I have very great pleasure in seeing here to-night. In 
reply he informed me that the experiments related had already been 
performed by Helmholtz, and in a much more perfect manner than I 
had done. Indeed, he said that Helmholtz had not only analyzed the 
vowel sounds into their constituent musical elements, but had actually 
performed the synthesis of them. 

He had succeeded in producing, artifically, certain of the vowel 
sounds by causing tuning-forks of different pitch to vibrate simulta- 
neously by means of an electric current. Mr. Ellis was kind enough 
to grant me an interview for the purpose of explaining the apparatus 
employed by Helmholtz in producing these extraordinary effects, and 
I spent the greater part of a delightful day with him in investigating 
the subject. At that time, however, I was too slightly acquainted with 
the laws of electricity fully to understand the explanations given; but 
the interview had the effect of arousing my interest in the subjects of 
sound and electricity, and I did not rest until I had obtained posses- 
sion of a copy of Helmholtz’ great work,* and had attempted, in a 
crude and imperfect manner it is true, to reproduce his results. While 
reflecting upon the possibilities of the production of sound by elec- 
trical means, it struck me that the principle of vibrating a tuning-fork 
by the intermittent attraction of an electro-magnet might be applied 
to the electrical production of music. 


* Helmholtz. Die Lehre von dem Tonempfindungen. (English Translation by 
Alexander J. Ellis, 7heory of Tone.) 
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I imagined to myself a series of tuning-forks of different pitches, 
arranged to vibrate automatically in the manner shown by Helmholtz, 
each fork interrupting at every vibration a voltaic current; and the 
thought occurred, “Why should not the depression of a key like 
“that of a piano direct the interrupted current from any one of 
“these forks, through a telegraph wire, to a series of electro-mag- 
‘nets operating the strings of a piano or other musical instrument, in 
“which case a person might play the tuning-fork piano in one place . 
“and the music be audible from the electro-magnetic piano in a distant 
“city P” 

The more I reflected upon this arrangement the more feasible did 
it seem to me; indeed, 1 saw no reason why the depression of a 
number of keys at the tuning-fork end of the circuit should not be 
followed by the audible production of a full chord from the piano in 
the distant city, each tuning-fork affecting at the receiving end 
that string of the piano with which it was in unison. At this time 
the interest which I felt in electricity led me to study the various 
systems of telegraphy in use in this country and in America. I was 
much struck with the simplicity of the Morse alphabet, and with 
the fact that it could be read by sound. Instead of having the 
dots and dashes recorded upon paper, the operators were in the 
habit of observing the duration of the click of the instruments, 
and in this way were enabled to distinguish by ear the various 
signals. | 

It struck me that in a similar manner the duration of a musical 
note might be made to represent the dot or dash of the telegraph 
code, so that a person might operate one of the keys of the tuning- 
fork piano referred to above, and the duration of the sound pro- 
ceeding from the corresponding string of the distant piano be ob- 
served by an operator stationed there. It seemed to me that in 
this way a number of distinct telegraph messages might be sent 
simultaneously from the tuning-fork piano to the other end of the 
circuit, by operators each manipulating a different key of the in- 
strument. These messages would be read by operators stationed at 
the distant piano, each receiving operator listening for signals of 
a certain definite pitch, and ignoring all others. In this way could 
be accomplished the simultaneous transmission of a number of 
telegraphi messages along a single wire, the number being limited 
only by ti. delicacy of the listener’s ear. The idea of increasing 
the carrying power of a telegraph wire in this way took com- 
plete possession of my mind, and it was this practical end that 
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I had in view when I commenced my researches in Electric Tele- 
phony. 

In the progress of science it is universally found that complexity 
leads to simplicity, and in narrating the history of scientific research 
it is often advisable to begin at the end. 

In glancing back over my own researches I find it necessary to 
designate, by distinct names, a variety of electrical currents by 
means of which sounds can be produced, and I shall direct your 
attention to several distinct species of what may be termed “tele- 
“phonic” currents of electricity. In order that the peculiarities 
of these currents may be clearly understood, I shall ask Mr. Frost 
to project upon the screen a graphical illustration of the different 
varieties. 

The graphical method of representing electrical currents here 
shown is the best means I have been able to devise of studying in an 
accurate manner the effects produced by various forms of telephonic 
apparatus, and it has led me to the conception of that peculiar species 
of telephonic current here designated as wndulatory, which has 
rendered feasible the artificial production of articulate speech by 
electrical means. | 


Fig. 1. 


A horizontal line (g¢ g’) is taken as the zero of current, and impulses 
of positive electricity are represented above the zero line, and negative 
impulses below it, or vice versd. 

The vertical thickness of any electrical impulse (4 or d), measured - 
from the zero line, indicates the intensity of the electrical current at 
the point observed, and the horizontal extension of the electric line 
(6 or @) indicates the duration of the impulse. 

Nine varieties of telephonic currents may be distinguished, but it 
will only be necessary to show you six of these. The three primary 
varieties designated as “intermittent,” “pulsatory,” and “undulatory,” 
are represented in lines 1, 2, and 3. | 

Sub-varieties of these can be distinguished as “ direct” or 
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“versed” currents according as the electrical impulses are all of one 
kind or are alternately positive and negative. ‘“‘ Direct” currents may 
still further be distinguished as “positive” or ‘“‘negative,”’ according as 
the impulses are of one kind or of the other. 

An intermittent current is characterized by the alternate presence and 
absence of electricity upon the circuit ; 

A pulsatory current results from sudden or instantaneous changes in 
the intensity of a continuous current; and 

An undulatory current is a current of electricity, the intensity of 
which varies in a manner proportional to the velocity of the motion of 
a particle of air during the production of a sound: thus the curve 
representing graphically the undulatory current for a simple musical 
tone is the curve expressive of a simple pendulous vibration—that 1s, 


a sinusoidal curve. 
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And here I may remark, that, although the conception of the undu- 
latory current of electricity is entirely original with myself, methods 
of producing sound by means of intermittent and pulsatory currents 
have long been known. For instance, it was long since discovered 
that an electro-magnet gives forth a decided sound when it is 
suddenly magnetized or demagnetized. When the circuit upon which 
it is placed is rapidly made and broken, a succession of explosive’ 
noises proceeds from the magnet. These sounds produce upon the 
ear the effect of a musical note when the current is interrupted a 
sufficient number of times per second. The discovery of “ Galvanic 
“Music,” by Page,* in 1837, led inquirers in different parts of the world 

* C. G. Page. ‘‘ The Production of Galvanic Music.’’ Silliman’s Journ. 1837, 
xxxii. p. 396; Silliman’s Journ. July, 1837, p. 354; Silliman’s Journ. 1838, xxxiii. 
p. 118; Bibl. Univ. (new series), 1839, ii. p. 398. 
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almost simultaneously to enter into the field of telephonic research ; 
and the acoustical effects produced by magnetization were carefully 
studied by Marrian,* Beatson,} Gassiot,f De la Rive,$ Matteucci,|| 
Guillemin,{] Wertheim,** Wartmann,ff Janniar,{{ Joule,$§ Laborde,]|||| 
Legat,4/ Reis,*** Poggendorf,+t+ Du Moncel,ff{ Delezenne,$§§ and 
others.|||||!_ It should also be mentioned that Gore4]/4]§/obtained loud mu- 
sical notes from mercury, accompanied by singularly beautiful crispations 
of the surface during the course of experiments inelectrolysis; Page**** 
produced musical tones from Trevelyan’s bars by the action of the 


* J. P. Marrian. Phil. Mag. xxv. p. 382; Inst. 1845, p. 20; Arch. de |’Electr. 


V. p. 195. | 
+t W. Beatson. Arch. de |’Electr. v. p. 197; Arch. de Sc. Phys. et Nat. (2d 


series), ii. p. 113. 

t Gassiot. See ‘‘ Treatise on Electricity,’’ by De la Rive, 1. p. 300. 
2 De la Rive. Treatise on Electricity, i. p. 300; Phil. Mag. xxxv. p. 
Arch. de l’Electr. v. p. 200; Inst. 1846, p. 83; Comptes Rendus, xx. p. 1287; 


432; Pogg. Ann. Ixxvi. p. 637; Ann. de Chim. et de Phys. 


422; 


Comp. Rend. xxil. p. 
XXV1. p. 158. 
Matteucci. Inst. 1845, p. 315; Arch. de l’Electr. v. 389. 

© Guillemin. Comp. Rend. xxii. p. 264; Inst. 1846, p. 30; Arch. d. Sc. Phys. 
(2d series), i. p. I9I. 

* G. Wertheim. Comp. Rend. xxil. pp. 336, 544; Inst. 1846, pp. 65, 100; Pogg. 
Ann. Ixvili. p. 140; Comp. Rend. xxvi. p. 505; Inst. 1848, p. 142; Ann. de Chim. 
et de Phys. xxili. p. 302; Arch. d. Sc. Phys. et Nat. vill. p. 206; Pogg. Ann. 
Ixxvil. p. 43; Berl. Ber. iv. p. 121. 

++ Elie Wartmann. Comp. Rend. xxii. p. 544; Phil. Mag. (3d series), xxviii. p. 
544; Arch. d. Sc. Phys. et Nat. (2d series), i. p. 419; Inst. 1846, p. 290; Monat- 
scher. d. Berl. Akad. 1846, p.111. 

t Janniar. Comp. Rend. xxiii. p. 319; Inst. 1846, p. 269 ; Arch. d. Sc. Phys. et 
Nat. (2d series), ll. p. 394. 

24 J. P. Joule. Phil. Mag. xxv. pp. 76, 225; Berl. Ber. 111. p. 489. 

||| Laborde. Comp. Rend. |. p. 692; Cosmos, xvil. p. 514. 

1" Legat. Brix Z.S. ix. p. 125. 

*¥* Peis. ‘‘ Téléphonie.’’ Polytechnic Journ. clxviil. p. 185; Bottger’s Notizbl. 
1863, No. 6. 

ttt J. C. Poggendorff. Pogg. Ann. xcviii. p. 192; Berliner Monatsber. 1856, p. 
133; Cosmos, ix. p. 49; Berl. Ber. xil. p. 241; Pogg. Ann. Ixxxvil. p. 139. 


tit Du Moncel. Exposé, ii. p. 125; also, ili. p. 83. 
04% De lezenne. ‘* Sound produced by Magnetization,’’ Bibl. Univ. (new series), 


RO4I, : . p. 406. 

11 See London Journ. xxxil. p. 402; Polytechnic Journ. cx. p. 16; Cosmos, iv. 
p. 43: ; Glosener——Traité général, &c., p. 350; Dove.-Repert. vi. p. 58 ; Pogg. Ann. 
xliili. p. 411; Berl. Ber. i. p. 144; feaeks d. Sc. Phys. et Nat. xvi. p. 406; Kuhn’s 
Encyclopzdia der Physik, pp. 1or4-1o21. 

"""{€ Gore. Proceedings of Royal Society, xii. p, 217. 

#kEX CG. Page. ‘“ Vibration of Trevelyan’s bars by the galvanic current.’’ 
Silliman’s Journal, 1850, ix. pp. 105-108. 
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calvanic current; and further it was discovered by Sullivan* that a 
current of electricity is generated by the vibration of a wire composed 
partly of one metal and partly of another. The current was produced 
so long as the wire emitted a musical note, but stopped immediately 
upon the cessation of the sound. 

For several years my attention was almost exclusively directed 
to the production of an instrument for making and breaking a voltaic 
circuit with extreme rapidity, to take the place of the transmitting tun- 
ing-fork used in Helmholtz’ researches. I will not trouble you with 
the description of all the various forms of apparatus that were devised, 
but will merely direct your attention to one of the best of them, shown 


K 
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Fig. 2. 


in Fig. 2. In the transmitting instrument T, a steel reed a is employed, 
which is kept in continuous vibration by the action of an electro-magnet 
é and local battery. Inthe course of its vibration the reed strikes al- 
ternately against two fixed points 7, /, and thus completes alternately 
a local and a main circuit. When the key K is depresssed an inter- 
mittent current from the main battery B is directed to the line wire W, 
and passes through the electro-magnet E of a receiving instrument R 
at the distant end of the circuit, and thence to the ground G. The 
steel reed A is placed in front of the receiving magnet, and when its 
normal rate of vibration is the same as the reed of the transmitting 
instrument it is thrown into powerful vibration, emitting a musical 
tone of a similar pitch to that produced by the reed of the transmit- 
ting instrument, but if it is normally of a different pitch it remains 


silent. 


* Sullivan. ‘‘Currents of Electricity produced by the vibration of Metals.’’ 
Phil. Mag. 1845, p. 261; Arch. de l’Electr. x. p. 480. 
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A glance at Figs. 3, 4, and 5 will show the arrangement of 
such instruments upon a telegraphic circuit, designed to enable a 
number of telegraphic dispatches to be transmitted simultaneously 
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along the same wire. The transmitters and receivers that are num- 
bered alike have the same pitch or rate of vibration. Thus the reed 
of T’ is in unison with the reeds T’ and R’ at all the stations upon the 


ce 
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circuit, so that a telegraphic dispatch sent by the manipulation of the 
key K’ at the station shown in Fig. 3 will be received upon the receiv- 
ing instruments K’ at all the other stations upon the circuit. Without 
going into details, I shall merely say that the great defects of this plan 
of multiple telegraphy were found to consist, firstly, in the fact that 
the receiving operators were required to possess a good musical ear 
in order to discriminate the signals; and secondly, that the signals 
could only pass in one direction along the line (so that two wires 
would be necessary in order to complete communication in both di- 
rections). ‘The first objection was got over by employing the device 
which I term a “vibratory circuit-breaker,” shown in the next dia- 
eram, whereby musical signals can be automatically recorded. 

Fig. 6 shows a receiving instrument R, with a vibratory circuit- 
breaker v attached. The light spring-lever v overlaps the free end of 
the steel reed A, and normally closes a local circuit, in which may be 
placed a Morse sounder or other telegraphic apparatus. When the 
reed A is thrown into vibration by the passage of a musical signal, the 
spring arm v is thrown upwards, opening the local circuit at the point 


5. When the spring-arm v is so arranged as to have normally a 


Fig. 6. 


much slower rate of vibration than the reed A,, the local circuit is 
found to remain permanently open during the vibration of A, the 
spring-arm v coming into contact with the point 5 only upon the ces- 
sation of the receiver’s vibration. Thus the signals produced by the 
vibration of the reed A are reproduced upon an ordinary telegraphic 
instrument in the local circuit. 

Fig. 7 shows the application of electric telephony to autographic 
telegraphy. 

T, I’, &c., represent the reeds of transmitting instruments of dif- 
ferent pitch, R, R’, &c., the receivers at the distant station of corres- 
ponding pitch, and, 7,7’, &c., the vibratory circuit-breakers attached 
to the receiving instruments, and connected with metallic bristles, 21, 
resting upon chemically prepared paper P. The message, or picture, 
to be copied, is written upon a metallic surface, Fo, with non-metallic 
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ink and placed upon a metallic cylinder 7, connected with the main 
battery B; and the chemically prepared paper P, upon which the 
message is to be received, is placed upon a metallic cylinder connected 
with the local battery B’ at the receiving station. When the cylinders 
at either end of the circuit are rotated in the direction of the arrows— 
but not necessarily at the same rate of speed—a fac szmile of whatever 
is written or drawn upon the metallic surface Fo appears upon the 
chemically prepared paper P. 

The method by means of which the musical signals may be sent 
simultaneously in both directions along the same circuit is shown 
in our next illustration, Figs. 8, 9, and 10. The arrangement is 
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Fig. 7. 


similar to that shown in Figs. 3, 4, and 5, excepting that the inter- 
mittent current from the transmitting instruments is passed through 
the primary wires of an induction coil, and the receiving instruments 
are placed in circuit with the secondary wire. In this way free earth 
communication is secured at either end of the circuit, and the musical 
signals produced by the manipulation of any key are received at all 
the stations upon the line. The great objection to this plan is the 
extreme complication of the parts and the necessity of employing 
local and main batteries at every station. It was also found by prac- 
tical experiment that it was difficult, if not impossible, upon either of 
the plans here shown, to transmit simultaneously the number of mu- 
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sical tones that theory showed to be feasible. Mature consideration 
revealed the fact that this difficulty lay in the nature of the electrical 
current employed, and was finally obviated by the invention of the 
undulatory current. 
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It is a strange fact that important inventions are often made almost 
simultaneously by different persons in different parts of the world, 
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and the idea of multiple telegraphy as developed in the preceding 
diagrams seems to have occurred independently to no less than four 
other inventors in America and Europe. Even the details of the 
arrangements upon circuit—shown in Figs. 3, 4, 5, and 8, 9, 10o— 
are extremely similar in the plans proposed by Mr. Cromwell Varley 
of London, Mr. Elisha Gray of Chicago, Mr. Paul La Cour of Co- 
penhagen, and Mr. Thomas Edison of Newark, New Jersey. Into 
the question of priority of invention, of course, it is not my intention 
to go to-night. 

That the difficulty in the use of an intermittent current may be 
more clearly understood, I shall ask you to accompany me in my 
explanation of the effect produced when two musical signals of 
different pitch are simultaneously directed along the same circuit. 
Fig. 11 shows an arrangement whereby the reeds @ a’ of two 
transmitting instruments are caused to interrupt the current from 
the same battery, B. We shall suppose the musical interval 
between the two reeds to be a major third, in which case their 
vibrations are in the ratio of 4 to 5,2. ¢., 4 vibrations of @ are made 
in the same time as 5 vibrations of a’. A* and B? represent the in- 


Fig. 11. 


termittent currents produced, 4 impulses of B? being made in the 
same time as 5 impulses of A’. Theline A* + B? represents the 
resultant effect upon the main line when the reeds @ and a! are simul- 
taneously caused to make and break the same circuit, and from the 
illustration you will perceive that the resultant current, whilst retaining 
a uniforra intensity, is less interrupted when both reeds are in opera- 
tion than when one alone is employed. By carrying your thoughts 
still further you will understand that when a large number of reeds of 
different pitch or of different rates of vibration are simultaneously 
making and breaking the same circuit the resultant effect upon the 
main line is practically equivalent to one continuous current. 
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It will also be understood that the maximum number of musical sig- 
nals that can be simultaneously directed along a single wire without 
| conflict depends very much upon the ratio which the “ make ” bears 
to the “break ;’ the shorter the contact made, and the longer the 
break, the greater the number of signals that can be transmitted without 
| confusion, and vee versa. The apparatus by means of which this 
| theoretical conclusion has been verified is here to-night, and consists 
of an ordinary parlor harmonium, the reeds of which are operated by 
wind in the usual manner. In front of each reed is arranged a metal 
screw, against which the reed strikes in the course of its vibration. 
By adjusting the screw the duration of the contact can be made long 
or short. The reeds are connected with one pole of a battery, and the 


« 

: screws against which they strike communicate with the line wire, so 
that intermittent impulses from the battery are transmitted along the 
line wire during the vibration of the reeds. 

We now proceed to the next illustration. Without entering into 
: 
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Fig. 12. 


the details of the calculation you will see that with a pulsatory cur- 
rent the effect of transmitting musical signals simultaneously is nearly 
| equivalent to a continuous current of minimum intensity—see A? + B?, 
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Fig. 12; but when undulatory currents are employed the effect is dif- 
ferent—see Fig. 13. The current from the battery B is thrown into 
waves by the inductive action of iron or steel reeds M M’, vibrated 
in front of electro-magnets e¢ e’, placed in circuit with the battery ; 
A? and B? represent the undulations caused in the current by the 
vibration of the magnetized bodies, and it will be seen that there 
are four undulations of B? in the same time as five undulations 
of A?. The resultant effect upon the main line is expressed by the 
curve A? +- B?, which is the algebraical sum of the sinusoidal curves 
A? and B?. A similar effect is produced when reversed undulatory 
currents are employed as shown in Fig. 14, where the current is pro- 
duced by the vibration of permanent magnets M M’ in front of electro- 
magnets (¢ e’), united upon a circuit without a voltaic battery. It will 
be understood from Figs. 13 and 14 that the effect of transmitting 


Fig. 14. 


musical signals of different pitches simultaneously along a single 
wire is not to obliterate the vibratory character of the current as in 
the case of intermittent and pulsatory currents, but to change the 
shapes of the electrical undulations. In fact, the effect produced upon 
the current is precisely analogous to the effect produced in the air by 
the vibration of the inducing bodies M M’. Hence it should be 
possible to transmit as many musical tones simultaneously through a 


telegraph wire as through the air. The possibility of using undula- 


tory currents for the purposes of multiple telegraphy enabled me to 
dispense entirely with the complicated arrangements of the circuit 
shown in Figs. 3, 4, 5, and 8, 9, 10, and to employ a single battery for 
the whole circuit, retaining only the receiving instruments formerly 
shown. This arrangement is represented in Figs. 15, 16,and 17. Upon 
vibrating the steel reed of a receiver R, R’, at any station by any 
mechanical means, the corresponding reeds at all the other stations 
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are thrown into vibration, reproducing the signal. By attaching the 
steel reeds to the poles of a powerful permanent magnet, as shown in 
Fig. 19, the signals can be produced without the aid of a battery. 
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I have formerly stated that Helmholtz was enabled to produce 
vowel sounds artificially by combining musical tones of different 
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pitches and intensities. His apparatus is shown in Fig. 18. Tuning- 


forks of different pitch are placed between the poles of electro- 
magnets (a!, a7, &c.), and are kept in continuous vibration by the 
action of an intermittent current from the fork 4. Resonators 
I, 2, 3, &c., are arranged so as to reinforce the sounds, in a greater 
or less degree, according as the exterior orifices are enlarged or 
contracted. 

Thus it will be seen that upon Helmholtz’s plan the tuning- 
forks themselves produce tones of uniform intensity, the loudness 
being varied by an external reinforcement; but it struc’ me that 
the same results would be obtained, and in a much more perfect 
manner, by causing the tuning-forks themselves to vibrate with 
different degrees of amplitude. I therefore devised the apparatus 
shown in Fig. 19, which was my first form of articulating telephone. 
In this figure a harp of steel rods is employed attached to the poles 
of a permanent magnet N.S. When any one of the rods is thrown 
into vibration an undulatory current is produced in the coils of the 
electro-magnet E, and the electro-magnet E’ attracts the rods of 

Ww 


Fig. 19. 


* The full description of this figure will be found in Mr. Alexander J. Ellis’s 
translation of Helmholtz’s work, ‘‘ Theory of Tone.’’ 
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the harp H’ with a varying force, throwing into vibration that rod 
which is in unison with that vibrated at the other end of the circuit. 
Not only so, but the amplitude of vibration in the one will determine 
the amplitude of vibration in the other, for the intensity of the induced 
current is determined by the amplitude of the inducing vibration, and 
the amplitude of the vibration at the receiving end depends upon the 
intensity of the attractive impulses. When we sing into a piano, cer- 
tain of the strings of the instrument are set in vibration sympatheti- 
cally by the action of the voice with different degrees of amplitude, 
and a sound, which is an approximation to the vowel uttered, is pro- 
duced from the piano. Theory shows, that, had the piano a very 
much larger number of strings to the octave, the vowel sounds would 
be perfectly reproduced. My idea of the action of the apparatus, 
shown in Fig. 19, was this: Utter a sound in the neighborhood of the 
harp H, and certain of the rods would be thrown into vibration with 
different amplitudes. At the other end of the circuit the correspond- 
ing rods of the harp H’ would vibrate with their proper relations of 
force, and the “bre of the sound would be reproduced. The expense 
of constructing such an apparatus as that shown in Fig. 1g deterred 
me from making the attempt, and I sought to simplify the apparatus 
before venturing to have it made. 

I have before alluded to the invention by my father of a system of 
physiological symbols for representing the action of the vocal organs, 
and I had been invited by the Boston Board of Education to conduct 
a series of experiments with the system in the Boston school for the 
deaf and dumb. It is well known that deaf mutes are dumb merely 
because they are deaf, and that there is no defect in their vocal organs 
to incapacitate them from utterance. Hence it was thought that my 
father’s system of pictorial symbols, popularly known as visible speech, 
might prove a means whereby we could teach the deaf and dumb to 
use their vocal organs and to speak. The great success of these ex- 
periments urged upon me the advisability of devising methods of ex- 
hibiting the vibrations of sound optically, for use in teaching the deaf 
and dumb. For some time I carried on experiments with the mano- 
metric capsule of Koenig, and with the phonautograph of Léon Scott. 
The scientific apparatus in the Institute of Technology in Boston was 
freely placed at my disposal for these experiments, and it happened 
that at that time a student of the Institute of Technology, Mr. Maurey, 
had invented an improvement upon the phonautograph. He had 
- succeeded in vibrating by the voice a stylus of wood about a foot in 
length which was attached to the membrane of the phonautograph, and 
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in this way he had been enabled to obtain enlarged tracings upon a 
plane surface of smoked glass. With this apparatus I succeeded in 
producing very beautiful tracings of the vibrations of the air for 
vowel sounds. Some of these tracings are shown in Fig. 20. I 
was much struck with this improved form of apparatus, and 
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it occurred to me that there was a remarkable likeness between 
the manner in which this piece of wood was vibrated by the 
membrane of the phonautograph and the manner in which the ossecule 
of the human ear were moved by the tympanic membrane. I deter- 
mined therefore to construct a phonautograph modeled still more 
closely upon the mechanism of the human ear, and for this purpose I 
sought the assistance of a distinguished aurist in Boston, Dr. Clarence 
J. Blake. He suggested the use of the human ear itself as a phonauto- 
graph, instead of making an artificial imitation of it. The idea was 
novel and struck me accordingly, and I requested my friend to pre- 
pare a specimen for me, which he did. The apparatus, as finally con- 
structed, is shown in Fig. 21. The stapes was removed and a stylus of 
hay about an inch in length was attached to the end of the incus. 
Upon moistening the membrana-tympani and the ossicule with a mix- 
ure of glycerine and water, the necessary mobility of the parts was 
obtained; and upon singing into the external artificial ear the stylus 
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of hay was thrown into vibration, and tracings were obtained upon a 
plane surface of smoked glass passed rapidly underneath. While en- 
gaged in these experiments I was struck with the remarkable dispro- 
portion in weight between the membrane and the bones that were 
vibrated by it. It occurred to me that if a membrane as thin as tissue 
paper could control the vibration of bones that were, compared to it, 
of immense size and weight, why should not a larger and thicker 
membrane be able to vibrate a piece of iron in front of an electro- 
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Fig. 21. 
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magnet, in which case the complication of steel rods shown in my 
first form of telephone, Fig. 19, could be done away with, and a simple 
piece of iron attached to a membrane be placed at either end of the 
telegraphic circuit. 

Fig. 22 shows the form of apparatus that I was then employing 
for producing undulatory currents of electricity for the purposes of 
multiple telegraphy. A steel reed A was clamped firmly by one 
extremity to the uncovered: leg % of an electro-magnet E, and the 
free end of the reed projected above the covered leg. When the 
reed A was vibrated in any mechanical way, the battery current 
was thrown into waves, and electrical undulations traversed the 
circuit BE W E’, throwing into vibration the corresponding reed 
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A’ at the other end of the circuit. I immediately proceeded to 


hu 


put my new idea to the test of practical experiment, and for this 
purpose I attached the reed A (Fig. 23) loosely by one extremity 
to the uncovered pole /# of the magnet, and fastened the other 


extremity to the centre of a stretched membrane of goldbeaters’ skin 
nm. I presumed that upon speaking in the neighborhood of the mem- 
brane 7 it would be thrown into vibration and cause the steel reed A 
to move in a similar manner, occasioning undulations in the electrical 
current that would correspond to the changes in the density of the air 
during the production of the sound; and I further thought that the 
change of the intensity of the current at the receiving end would cause 
the magnet there to attract the reed A’-in such a manner that it 
should copy the motion of the reed A, in which case its movements 
would occasion a sound from the membrane 2’ similar in “mbre to 
that which had occasioned the original vibration. 

The results, however, were unsatisfactory and discouraging. My 
friend Mr. Thomas A. Watson, who assisted me in this first experi- 
ment, declared that he heard a faint sound proceed from the telephone 
at his end of the circuit, but I was unable to verify his assertion. After 
many experiments attended by the same only partially-successful re- 
sults, I determined to reduce the size and weight of the spring as 
much as possible. For this purpose I glued a piece of clock spring, 
about the size and shape of my thumb-nail, firmly to the centre of the 
diaphragm, and had a similar instrument at the other end (Fig. 24) ; 
we were then enabled to obtain distinctly audible effects. I remember 
an experiment made with this telephone, which at the time gave me 


BELL’S LECTURE. | 215 


great satisfaction and delight. One of the telephones was placed in 
my lecture-room in the Boston University, and the other in the base- 
ment of the adjoining building. One of my students repaired to the 
distant telephone to observe the effects of articulate speech, while I 
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Fig. 24. 
uttered the sentence, “Do you understand what I say ?” into the tele- 
phone placed in the lecture-hall. To my delight an answer was re- 
turned through the instrument itself, articulate sounds proceeded from 
the steel spring attached to the membrane, and I heard the sentence, 
““ Ves, I understand you perfectly.” It is a mistake, however, to sup- 
pose that the articulation was by any means perfect, and expectancy 
mo doubt had a great deal to do with my recognition of the sentence; 
still, the articulation was there, and I recognized the fact that the 
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Fig. 25. 
indistinctness was entirely due to the imperfection of the instrument. 


T will not trouble you by detailing the various stages through which 
the apparatus passed, but shall merely say that after a time I pro- 


. duced the form of instrument shown in Fig. 25, which served very 


well as a receiving telephone. In this condition my invention was ex- 


hibited at the Centennial Exhibition in Philadelphia. The telephone 
shown in Fig. 24 was used as a transmitting instrument, and that in 


Fig. 25 as a receiver, so that vocal communication was only established 
in one direction. » 
Another form of transmitting telephone exhibited in Philadelphia 


intended for use with the receiving telephone (Fig. 25) is represented 
by Fig. 26.* 


* See Prescott’s ‘‘ Speaking Telephone,”’ p. 73. 


216 BELL'S LECTURE. 


A platinum wire attached to a stretched membrane completed a 
voltaic circuit by dipping into water. Upon speaking to the mem- 
brane, articulate sounds proceeded from the telephone in the distant 
room. The sounds produced by the telephone became louder when 
dilute sulphuric acid, or a saturated solution of salt, was substituted 


for the water. Audible effects were also produced by the vibration of 


plumbago in mercury, in a solution of bichromate of potash, in salt 
and water, in dilute sulphuric acid, and in pure water. 

The articulation produced from the instrument shown in Fig. 25. 
was remarkably distinct, but its great defect consisted in the fact that 
it could not be used as a transmitting instrument, and thus two tele- 
phones were required at each station, one for transmitting and one for 
receiving spoken messages. 
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Fig. 26. 


It was determined to vary the construction of the telephone shownm 
in Fig. 24, and I sought by changing the size and tension of the mem- 
brane, the diameter and thickness of the steel spring, the size and 


power of the magnet, and the coils of insulated wire around their 


poles, to discover empirically the exact effect of each element of the 
combination, and thus to deduce a more perfect form of apparatus. It 
was found that a marked increase in the loudness of the sounds re- 
sulted from shortening the length of the coils of wire,and by enlarging 


the iron diaphragm which was glued to the membrane. In the latter 


case, also, the distinctness of the articulation was improved. Finally, 
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the membrane of goldbeaters’ skin was discarded entirely, and a 
simple iron plate was used instead, and at once intelligible articu- 
lation was obtained. The new form of instrument is that shown in 
Fig. 27, and,as had been long anticipated, it was proved that the 
only use of the battery was to magnetize the iron core of the magnet, 
for the effects were equally audible when the battery was omitted, and 
a rod of magnetized steel substituted for the iron core of the magnet. 

It was my original intention, as shown in Fig. I9, and it was always 
claimed by me, that the final form of telephone would be operated by 
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permanent magnets in place of batteries, and numerous experiments 


_had been carried on by Mr. Watson and myself privately for the pur- 


pose of producing this effect. 

At the time the instruments were first exhibited in public the results 
obtained with permanent magnets were not nearly so striking as when 
a voltaic battery was employed, wherefore we thought it best to ex- 
hibit only the latter form of instrument. 

The interest excited by the first published accounts of the operation 
of the telephone led many persons to investigate the subject, and I 
doubt not that numbers of experimenters have independently discov- 
ered that permanent magnets might be employed instead of voltaic 
batteries. Indeed one gentleman, Professor Dolbear, of Tufts College, 
not only claims to have discovered the magneto-electric telephone, 
but I understand charges me with having obtained the idea from him 
through the medium of a mutual friend. 

A still more powerful form of apparatus was constructed by using 
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a powerful compound horse-shoe magnet in place of the straight 
rod which had been previously used (see Fig. 28). Indeed 
the sounds produced by means of this instrument were of sufficient 
loudness to be faintly audible to a large audience, and in this condi- 
tion the instrument was exhibited in the Essex Institute, in Salem, 
Massachusetts, on the 12th February, 1877, on which occasion a 
short speech shouted into a similar telephone in Boston, sixteen miles 
away, was heard by the audience in Salem. The tones of the 
speaker’s voice were distinctly audible to an audience of six hundred 
people, but the articulation was only distinct at a distance of about 
six feet. On the same occasion, also, a report of the lecture was 
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Fig. 29. 
transmitted by word of mouth from Salem to Boston, and published 
in the papers the next morning. 

From the form of telephone shown in Fig. 27 to the present form 
of the instrument (Fig. 29) is but a step. It is in fact the arrange- 
ment of Fig. 27 in a portable form, the magnet F H being placed 
inside the handle and a more convenient form of mouth-piece pro- 
vided. The arrangement of these instruments upon a telegraphic 


circuit is shown in Fig. 30. 


Fig. 30. 


And here I wish to express my indebtedness to several scientific 
friends in America for their co-operation and assistance. I would 
specially mention Professor Peirce and Professor Blake, of Brown 
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University, Dr. Channing, Mr. Clarke, and Mr. Jones. In Providence, 
Rhode Island, these gentlemen have been carrying on together experi- 
ments seeking to perfect the form of apparatus required, and I am 
happy to record the fact that they communicated to me each new dis- 
covery as it was made, and every new step in their investigations. It 
was, of course, almost inevitable that these gentlemen should retrace 
much of the ground that had been gone over by me, and so it has 
happened that many of their discoveries had been anticipated by my 
own researches; still, the very honorable way in which they from time 
to time placed before me the results of their discoveries entitles them 
to my warmest thanks and to my highest esteem. It was always my 
belief that a certain ratio would be found between the several parts of 
a telephone, and that the size of the instrument was immaterial; but 
Professor Peirce was the first to demonstrate the extreme smallness of 
the magnets which might be employed. And here, in order to show 
the parallel lines in which we were working, I may mention the fact that 
two or three days after I had constructed a telephone of the portable 
form (Fig. 29) containing the magnet inside the handle, Dr. Channing 
was kind enough to send me a pair of telephones of a similar pattern, 
which had been invented by the Providence experimenters. ‘The con- 
venient form of mouth-piece shown in Fig. 29, now adopted by me, 
was invented solely by my friend Professor Peirce. I must also ex- 
press my obligations to my friend and associate, Mr. Thomas A. 
Watson, of Salem, Massachusetts, who has for two years past given 
me his personal assistance in carrying on my researches. 

In pursuing my investigations I have ever had one end in view, the 
practical improvement of electric telegraphy ; but I have come across 
many facts which, while having no direct bearing upon the subject of 
telegraphy, may yet possess an interest for you.* 

For instance, I have found that a musical tone proceeds from a 
piece of plumbago or retort-carbon when an intermittent current of 
electricity is passed through it, and I have observed the most curious 
audible effects produced by the passage of reversed intermittent cur- 
rents through the human body. A rheotome was placed in cir- 
cuit with the primary wires of an induction coil, and the fine wires 
were connected with two strips of brass. One of these strips was held 
closely against the ear, and a loud sound proceeded from it whenever 
the other slip was touched with the other hand. The strips of brass 


* See Researches in Telephony.—Trans. of American Acad. of Arts and Sciences, 
vol. xil. p. I. ; 
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were next held one in each hand. The induced currents occasioned 
a muscular tremor in the fingers. Upon placing my forefinger to my 
ear a loud crackling noise was audible, seemingly proceeding from the 
finger itself. A friend who was present placed my finger to his ear, 
but heard nothing. I requested him to hold the strips himself. He 
was then distinctly conscious of a noise (which I was unable to per- 
ceive) proceeding from his finger. In this case a portion of the induc- 
ed currents passed through the head of the observer when he placed 
his ear against his own finger: and it is possible that the sound was 
occasioned bya vibration of the surfaces of the ear and finger in 
contact. 

When two persons receive a shock from a Ruhmkorff’s coil by 
clasping hands, each taking hold of one wire of the coil with the free 
hand, a sound proceeds from the clasped hands. The effect is not 
produced when the hands are moist. When either of the two touches 
the body of the other a loud sound comes from the parts in contact. 
When the arm of one is placed against the arm of the other, the noise 
produced can be heard at a distance of several feet. In all these 
cases a slight shock is experienced so long as the contact is preserved. 
The introduction of a piece of paper between the parts in contact does 
not materially interfere with the production of the sounds, but the un- 
pleasant effects of the shock are avoided. 

When an intermittent current from a Ruhmkorff’s coil is passed 
through the arms a musical note can be perceived when the ear is 
closely applied to the arm of the person experimented upon. The 
sound seems to proceed from the muscles of the fore-arm and from 
the biceps muscle. Mr. Elisha Gray* has also produced audible ef- 
fects by the passage of electricity through the human body. 

An extremely loud musical note is occasioned by the spark of a 
Ruhmkorff’s coil when the primary circuit is made and broken with 
sufficient rapidity ; when two rheotomes of different pitch are caused 
simultaneously to open and close the primary circuit a double tone 
proceeds from the spark. 

A curious discovery, which may be of interest to you, has been: 
made by Professor Blake. He constructed a telephone in which a rod 
of soft iron, about six feet in length, was used instead of a permanent 
magnet. <A friend sang a continuous musical tone into the mouth- 
piece of a telephone, like that shown in Fig. 29, which was connected 
with the soft iron instrument alluded to above. It was found that the 


* Elisha Gray. Eng. Pat. Spec. No. 2646, Aug. 1874. 
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loudness of the sound produced in this telephone varied with the di- 
rection in which the iron rod was held, and that the maximum effect 
was produced when the rod was in the position of the dipping-needle. 
This curious discovery of Professor Blake has been verified by myself. 

When a telephone is placed in circuit with a telegraph line, the tele- 
phone is found seemingly to emit sounds on its own account. The 
most extraordinary noises are often produced, the causes of which are 
at present very obscure. One class of sounds is produced by the in- 
ductive influence of neighboring wires and by leakage from them, the 
signals of the Morse alphabet passing over neighboring wires being 
audible in the telephone, and another class can be traced to earth cur- 
rents upon the wire, a curious modification of this sound revealing the 
presence of defective joints in the wire. 

Professor Blake informs me that he has been able to use the rail- 
road track for conversational purposes in place of a telegraph wire, 
and he further states that when only one telephone was connected 
with the track the sounds of Morse operating were distinctly audible 
in the telephone, although the nearest telegraph wires were at least 
forty feet distant. 

Professor Peirce has observed the most curious sounds produced 
from a telephone in connection with a telegraph wire during the 
aurora borealis; and I have just heard of a curious phenome- 
non lately observed by Dr. Channing. In the city of Providence, 
Rhode Island, there is an overhouse wire about one mile in extent 
with a telephone at either end. On one occasion the sound of music 
and singing was faintly audible in one of the telephones. It seemed 
as 1f some one were practising vocal music with a piano-forte accom- 
paniment. The natural supposition was that experiments were being 


- made with the telephone at the other end of the circuit, but upon in- 


quiry this proved not to have been the case. Attention having thus 
been directed to the phenomenon, a watch was kept upon the instru- 
ments, and upon a subsequent occasion the same fact was observed at 
both ends of the line by Dr. Channing and his friends. It was proved 
that the sounds continued for about two hours, and usually commenced 
about the same time. A searching examination of the line disclosed 
nothing abnormal in its condition, and I am unable to give you any 
explanation of this curious phenomenon. Dr. Channing has, however, 
addressed a letter upon the subject to the editor of one of the Provi- 
dence papers, giving the names of such songs as were recognized, with 
full details of the observations, in the hope that publicity may lead to 
the discovery of the performer, and thus afford a solution of the mystery. 
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My friend Mr. Frederick A. Gower communicated to me a curious 
observation made by him regarding the slight earth connection re- 


‘quired to establish a circuit for the telephone, and together we carried 


on a series of experiments with rather startling results. We took a 
couple of telephones and an insulated wire about 100 yards in‘ length 
into a garden, and were enabled to carry on conversation with the 
greatest ease when we held in our hands what should have been the 
earth wire, so that the connection with the ground was formed at either 
end through our bodies, our feet being clothed with cotton socks and 
leather boots. The day was fine, and the grass upon which we stood 
was seemingly perfectly dry. Upon standing upon a gravel walk the 
vocal sounds, though much diminished, were still perfectly intelligible, 
and the same result occurred when standing upon a brick wall one 
foot in height, but no sound was audible when one of us stood upon 
a block of freestone. 

One experiment which we made is so very interesting that I must 
speak of it in detail. Mr. Gower made earth connection at his end 
of the line by standing upon a grass plot, whilst at the other end of 
the line I stood upon a wooden board. I requested Mr. Gower to 
sing a continuous musical note, and to my surprise the sound was very 
distinctly audible from the telephone in my hand. Upon examining 
my feet I discovered that a single blade of grass was bent over the 
edge of the board, and that my foot touched it. The removal of this 
blade of grass was followed by the cessation of the sound from the 
telephone, and I found that the moment I touched with the toe of my 
boot a blade of grass or the petal of a daisy the sound was again 
audible. 

The question will naturally arise, Through what length of wire can 
the telephone be used? In reply to this I may say that the maximum 
amount of resistance through which the undulatory current will pass, 
and yet retain sufficient force to produce an audible sound at the 
distant end, has yet to be determined; no difficulty has, however, 
been experienced in laboratory experiments in conversing through a 
resistance of 60,000 ohms, which has been the maximum at my 
disposal. On one occasion, not having a rheostat at hand, I may 
mention having passed the current through the bodies of sixteen 
persons, who stood hand in hand. The longest length of real tele- 
graph line through which I have attempted to converse has been 
about 250 miles. On this occasion no difficulty was experienced so 
long as parallel lines were not in operation. Sunday was chosen as 
the day on which it was probable other circuits would be at rest. 
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Conversation was carried on between myself, in New York, and Mr. 
Thomas A. Watson, in Boston, until the opening of business upon 
the other wires. When this happened the vocal sounds were very 
much diminished, but still audible. It seemed, indeed, like talking 
through a storm, Conversation though possible could be carried on 
with difficulty, owing to the distracting nature of the interfering 
currents. 

I am informed by my friend Mr. Preece that conversation has been 
successfully carried on through a submarine cable, sixty miles in 
length, extending from Dartmouth to the Island of Guernsey, by 
means of hand telephones similar to that shown in Fig. 30. 
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ELISHA GRAY, OF CHICAGO, ILLINOIS. 


IMPROVEMENT IN ELECTRIC TELEGRAPHS FOR TRANSMITTING MUSICAL TONES. 


Specification forraing part of Letters Patent No. 166,095, dated July 27, 1875; application filed 
January 19, 13875. 


To all whom it may concern: 

Be it known that I, ELISHA GRAY, of Chi- 
cago, in the county of Cook and State of Illi- 
nois, have invented a certain new and useful 
Apparatus tor Transmitting Musical Lmpres- 
sions or Sounds Telegraphically, of which I 
hereby declare the following to be a full, clear, 
and exact description : 

My invention relates to what I term an *elec- 
tro-harmonic telegraph,” and is based upon the 
fact well known to electricians that an electro- 
magpret elongates under the action of the elee- 
tric current, and contracts again when the cur- 
rent ceases. Consequently a succession of im- 
pulses or interruptious will cause the magnet 
to vibrate, and if these vibrations be of suffi- 
cient irequency amusical tone will be produced, 
the pitch of which will depend upon the rapid- 
ity of the vibrations. 

I have discovered that by interrupting an 
electric current at the transmitting end of a 
line with sufficient frequency to produce a mu- 
Sicai tone by an instrument vibrated by said 
interruptions, and transmitting the impulses 
thus induced to an electro-maguet at the re- 
ceiving end of the line, the latter will vibrate 
synchronously with the transmitting -instru- 
ment, and thus produce a musical tone or note 
of a corresponding pitch. The object of my 
invention is to utilize this discovery for the 
transmission of intelligible signals toa distance 
by electricity ; to which end my improvement 
consists in the combination of a telegraphic 
circuit, a series of circuit-breakers capable of 
producing musical tones of different pitch, a 
series of keys for simultaneously or succes- 
sively throwing said circait-breakers into or out 
of operation, and an electro-magnet receiver, 
which is thrown into operation by the trans- 
mitter, whereby tones of different pitch may 
be rept vduced at the receiving end of the line 
h ange of a sinele eircnit. 

In the. accompanying drawings, Figure 1 
shows a plan view of the transmitting part of 
my improved apparatus, the receiver appear- 
ing iu perspective. Fig. 2 is a view, in per- 
spective, of the transmitter. 

The transmitting apparatus is mounted upon 
a base-board, A,as usual. The induction-voil 
B kas the usual primary and secondary cir- 

cuits. An ordinary automatic electrotome, C, 


has a circuit-closing spring, ¢c, so adjusted as 
When in action, to produce @ musical tone a 
cording to its length, truickness, and adjus 
ment. A common telegraph-key, D, is place 
in the primary circuit to make or break tl 
battery-connection. In the drawings I hav 
shown two electrotomes of identical construc 
tion, but of different pitch, and.two keys, bot 
the keys and electrutomes being placed in t 
primary circuit, which is so divided that pat 
of the circuit passes through each key and it 
corresponding electrotome. The number ¢ 
electrotomes may be increased, so that ton 
extending through two or more octaves ini 
be produced. An ordinary electro-magnet 
provided at the receiving end of the line. 

Nhe operation of the apparatus is as follow: 
In the arrangement shown in the drawing 
when a key is closed the primary circuit wi 
pass from the battery H through that key an 
its corresponding electrotome, and will be aute 
matically interrupted ia, the usual manne 
The spring of the electrotome will thus 
caused to vibrate rapidly and to produce 
tone, the pitch of which is determined by tl 
rate of vibration. It isobvious that severé 
keys may be depressed siinultaneously. The 
vibrations or interruptions of the current wi 
simultaneously produce in the secondary ci 
cuit of the induction-coil a series of indace 
currents or impulses corresponding in numbe 
with the vibrations of the electrotome, and ¢ 
the receiving electro-magnet is connected wit 
this circuit it will be caused to vibrate, th 
producing a tone of corresponding pitch, t 
sound of which may be intensified by the u 
of a hollow cylinder, 8, of metal, placed on tl 
poles ot the magnet. 

When a single electrotome is thrown in 
action, its corresponding tone will be repr 
duced on the sounder by the magnet. W he 
electrotomes.ot. Dtbtiibabb es SUCCESS1Ve 
operated, their tones wey) - nae responding 
reproduced by the receg , er, and when two 
more electrotomes ares multaneously sound 
the tone of each will sty) pe reproduced wi 
out confusion on the so inder, by which mea 
Tam enabled to reprodfiic, melodies or tune 

Mechanical circuit-Deakers might be st 
stituted for the autongatic vibrating electa 
tome, hereinbefore des cribed, and I have, 
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et, used such meclx anical circuit-breakers of 
ious construction; but I found the electro- 
bme more satisfactory in practice, 

In this instance thie receiver is shown and 
scribed as operatec! by the induced current 
t the secondary coil; but the secondary or 
xtra current of a primary coil may be used 
istead thereof with good effect. 

My apparatus is s pecially adapted to tele- 
aphing on long laird and submarine lines. 
y it letters and signals can be represented 
y tones differing in pitch; or the ordinary 
lorse signais can be made by short and long 
tterruptions in a prolonged tone of the same 
itch, thus securing great rapidity of trans- 
ission. 

An application for: Letters Patent of the 
nited States, filed by me April 18, 1874, 
OWS an apparatus :somewhat similar to the 
1e herein described, for transmitting musical 
bynes through animal tissue to a resonant elec- 
ical receiver. Ido1ot, therefore, claim here- 
banything thereinshown. Neither dol claim 
rein the combination, with a main line, of 
1 intermittent circiuit- breaker, or a series 
1ereof, each adapteci to throw upon the line 
definite number of electrical impulses per 


unit of time, and a key or keys, one for and 
controlling each such circuit-breaker, as it con- 
stitutes the Subject-inatter of another appli- 
cation filed by me February 23, 1875. The 
combination of a telegraphic circuit, an auto- 
inatic circuit-breaker capable of producing a 
musical tone, and an electro-magnet receiver 
which reproduces the tone by being thrown 
into vibration by impulses generated. by the 
circuit-breaker, is not, broadly, claimed herein, 
as this combination constitutes a part of the | 
subject-matter of said application, also. 

I claim as my own invention— 

The combination of a telegraphic circuit, a 
series of circuit-breakers capable of producing 
musical tones of different pitch, a series of keys 
for simultaneously or successively throwing 
said circuit-breakers into or out of operation, 


and an electro-magnet receiver, whichis thrown 


into operation by the transmitters, whereby 
tones of different pitch may be reproduced at 
the receiving end of the line by the employ- 


ment of a single circuit. | 
ELISHA GRAY. 
Witnesses : 
i. C. DAVIDSON, 
Wm. J. PEYTON. 


ircuit Gourt of the Cnited States, 


EASTERN DISTRICT OF PENNSYLVANIA. 


AMERICAN BELL TELEPHONE Co., ET AL. 
vs. 
CLAY CoMMERCIAL TELEPHONE. Co., ET AL. 


At the final hearing on the merits, and after the oral argument 
of the defendants’ counsel (no brief, or printed or written argu- 
ment having been offered by the defendants), the complainants 
offer in evidence the following : — 

(1.) Certified copy from the records of the Patent Office of deed 
Bell Telephone Co. to American Bell Telephone Co., dated April 
23, 1881, and recorded in Patent Office, July 6, 1881, Lib. B 27, 
page 102 of Transfers of Patents. 

(2.) Also the original of same. 

And produce in court Charles Eustis Hubbard, already examined 
as a witness for the complainants, and offer to prove by him the due 
execution of said instrument. The examination of the witness is 
waived. 

(4.) Also produce original deed Thomas Sanders to American 
3ell Telephone Company, dated June 21, 1880, and offer a witness 
to prove the execution thereof, the examination of which witness is 
waived. 

(5.) Also the affidavit of George L. Roberts, Esq. 

The said deeds are as follows : — 


DEPARTMENT OF THE INTERIOR. 
UNITED STATES PATENT OFFICE. 


To all persons to whom these presents shall come, GREETING : — 


This is to certify that the annexed is a true copy from the Records 
(1) 


DEEDS TO COMPLAINANTS. 


of this Office, of an instrument of writing executed by the Bell 
Telephone Company, April 23, 1881. 

Recorded in Liber B 27, page 101. 

Said record has been carefully compared with the original, and is 
a correct transcript thereof. 

In testimony whereof, I, Benj. Butterworth, Commissioner of 
Patents, have caused the seal of the Patent Office to be affixed this 
eighteenth day of March, in the year of our Lord one thousand 
eight hundred and eighty-four, and of the Independence of the 
United States the one hundred and eighth. 


(Signed ) BENJ. BUTTERWORTH, 


al of Commissioner. 


§ S¢ 
‘Patent Office. 


[DEED BELL TELEPHONE COMPANY TO AMERICAN BELL TELEPHONE COMPANY. ] 


Recorded July 6, 1881, Liber B 27, page 101, of Transfers of Patents. 


Know all men by these presents, that the Bell Telephone Company, a 
corporation created under the laws of the Commonwealth of Massachu- 
setts, in consideration of one dollar and other valuable considerations 
to it paid by the American Bell Telephone Company, a corporation 
created under said laws, the receipt whereof is hereby acknowledged, 
does hereby grant and convey unto said American Bell Telephone 
Company the exclusive right, under the following patents, to the 
State of Massachusetts, viz.: Letters Patent, No. 174,465, issued 
March 7, 1876, to Alexander Graham Bell for an improvement in 
telegraphy ; and Letters Patent, No. 186,787. issued January 30, 
1877, to said Bell for an improvement in electric telegraphy, and in 
and to theinventions therein described, or intended to be described ; 
and does further grant, assign and convey to said American Bell 
Telephone Company any and all other right, title and interest now 
remaining to it, said Bell Telephone Company, in, to and under 
said Letters Patent and inventions. 

To have and to hold the same to the said American Bell Tele- 
phone Company, its successors and assigns, to their own use and 
behoof forever. 


* 


OFFERED AT THE HEARING. 


This instrument is made at the request of the National Bell 
Telephone Company in pursuance of an agreement between said 
3ell Telephone Company and said National Bell Telephone Com- 
pany, dated March 20, 1879; said American Bell Telephone 
Company being the appointee of said National Bell Telephone 
Company to receive this conveyance; and in pursuance of an 
agreement between said National Bell Telephone Company and 
said American Bell Telephone Company, dated May 8, 1880. 

In witness whereof said Bell Telephone Company has caused its 
corporate seal to be hereto affixed, and these presents to be signed 
in its name and behalf by W. H. Forbes, its president, thereto 
duly authorized, this twenty-third day of April, A. D. 1881. 

THE BELL TELEPHONE COMPANY, 
+ Bell Por co. ¢ 3y W. H. Forses, 
Prest. 


[DEED SANDERS TO AMERICAN BELL TELEPHONE Co. ] 

Know all men by these presents, that I, Thomas Sanders, of 
Haverhill, in the State of Massachusetts, in consideration of one 
dollar to me paid by the American Bell Telephone Company, a cor- 
poration established under the laws of the State of Massachusetts, 
the receipt whereof is hereby acknowledged, do hereby sell, grant, 
assign and convey unto said American Bell Telephone Company, all 
my right, title and interest in and to the following-named patents of 
the United States, and the inventions therein described or intended 
to be deseribed, viz. : — 

Letters Patent No. 174,465, issued March 7, 1876, to Alexander 
Graham Bell for an improvement in telegraphy ; and Letters Patent 
No. 178,399, issued June 6, 1876, to said Bell for an improvement 
in Telephonic Telegraph Receivers. 

To have and to hold the same to the said American Bell Telephone 
Company, its successors and assigns, to their own use and behoof 
forever. 

Witness my hand and seal this twenty-first day of June, A. D. 


1880. 
THOMAS SANDERS. [sBat] 
In presence of 

W. P. Monraaue. 


eel aaa 


ADDITIONAL PROOF FOR COMPLAINANTS. 


rf 


CIRCUIT COURT OF THE UNITED STATES, 


EASTERN DISTRICT OF PENNSYLVANIA, SS. 


IN EQUITY. 


AMERICAN BELL TELEPHONE COMPANY ET AL. 
®. 
Tuk Ciuay CoMMERCIAL TELEPHONE COMPANY ET AL. 


AFFIDAVIT OF GEORGE L. ROBERTS. 


I, George L. Roberts, of lawful age, being duly sworn, depose 
and say :— 

I am a counsellor at law, and reside in Boston, Mass. 

As counsel for the plaintiffs in this case, I alone put in the proof 
of title, as appears on Page 52 of the complainants’ printed record. 

I believed that the deeds introduced in evidence made a sufficient 
title on which to maintain this suit, and now so believe. I prob- 
ably, at some time, had known of the existence of a deed, Dell Tel- 
ephone Company to American Bell Telephone Company, dated 
April 23, 1881; but, until I saw the deed to-day, I did not know 
that it contained in terms a grant or release of the Bell Patents, No. | 
174,465, and No. 186,787, referred to in the bill. I have no recol- 
lection of reading or seeing that deed, or a copy of it, until to-day. 

I did not, until to-day, know of the existence of the deed, San- 
ders to American Bell Telephone Company, dated June 21, 1880. 

GEO. L. ROBERTS. 


UNITED STATES OF AMERICA, 
DISTRICT AND COMMONWEALTH OF MASSACHUSETTS, 
SUFFOLK, SS. JUNE 9, 1885. 
Personally appeared George L. Roberts, above named, and made 
oath that the foregoing affidavit by him subscribed is true. 
[ SEAL. OF COMMISSIONER | JOHN G. STETSON, 
U. S. Commissioner. 


te 
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[ ENDORSED. | 


No. 15 April Sess., 1884. 
C. C. U.S., E. D. of Pa. 


AMERICAN BELL TELEPHONE COMPANY ET AL. 
Uv. 


THe CLAY CoMMERCIAL TELEPHONE COMPANY ET AL. 


ADDITIONAL PROOF OF COMPLAINANTS. 


Ordered to be filed and made part of the record, June 18, ’85. 
W. McK., 
C. J. 
Filed June 19, 1885. 
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i IN THE 


= Cirenit Court of the United States, 


‘ EASTERN DISTRICT OF PENNSYLVANIA. 
9 
K ‘ IN EQUITY. 
FA ; 
, +, rr - 
_~ THE AMERICAN BELL TELEPHONE COMPANY ET AL. 
oT U. 
' THE CLray CoMMERCIAL TELEPHONE COMPANY ET AL. 
1% 
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IN THE MATTER OF ADDITIONAL PROOFS FOR THE 
COMPLAINANTS, OFFERED AT THE HEARING. 


And now, to wit, June 5th, A. D. 1885, this cause having been heard 
at the final hearing on the bill, answer, and proofs, and the several argu- 
ments of the counsel for the plaintiffs and the counsel for the defendants 
having closed, the counsel for the plaintiffs ask leave of the court to 
offer in evidence, and file, as evidence in the said court on the part of the 
plaintiffs, certain papers that had not been produced and offered in evi- 
dence before the examiner or otherwise. 

To this offer the counsel for the defendants then and there objected 


and excepted, which said objections and exceptions were overruled, and 
the court admitted said evidence and granted leave to the defendants to 
file of record their said objections and exceptions thereto. 

And afterward, to wit, on the 10th day of June, A. D. 1885, the 
plaintiffs offer as evidence, and file, the following papers, to wit : 

1. A paper puiporting to be a certified copy from the records of the 

. Patent Ottice of deed Bell Telephone Company to American Bell Tele- 

phone Company, dated April 23d, 1881, and recorded in the Patent 
Office July 6th, 1881, Liber B 27, page 101 of Transfers of Patents. 


ae 2. A paper purporting to be the original of the same. 
a 3. A paper purporting to be original deed of Thomas Sanders to 
the American Bell Telephone Company, dated June 21st, 1880. 
ff 4. A paper purporting to be an affidavit of George L. Roberts, 
Esq. 
es, And the counsel for the defendants object to the offer, and to now re- 
P 
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ceiving in evidence the said paper purporting to bea certified copy from the 
records of the Patent Office of a deed from the Bell Telephone Com- 
pany to the American Bell Telephone Company, dated April 23d, A. D. 
1881, and recorded in the Patent Office July 6th, 1881, in Liber B 27, 
page 101 of Transfers of Patents, and to the paper purporting to be the 
original of the same, and in support of the objection suggest and allege 
the following reasons, among others : 

1. Because the said alleged grant or conveyance is mentioned and 
described in paragraph three of the plaintiffs’ bill of complaint as part of 
the alleged title acquired by the American Bell Telephone Company, 
and should have been offered in evidence regularly at the taking of 
evidence before the examiner in this cause, and cannot now be offered 
in evidence at bar and after the close of the final argument. 

2. Because the offer of the said papers should have been referred to 
the examiner for proper proof, and to enable the defendants to take the 
proper exceptions thereto, that the same might regularly appear upon 
the record. | 

3. Because no proper or lawful evidence has been produced to show 
that the said Bell Telephone Company, by whom the said deed purports 
to have been made, is or ever was “a corporation created under the laws 
of the Commonwealth of Massachusetts,” as in said alleged grant or con- 
veyance mentioned and set forth, and there is no proper or lawful 
evidence that the said American Bell Teiephone Company, to whom said 
deed purports to have been made, is or ever was “a corporation created 
under said laws,” as therein alleged and set forth. On the contrary, the 
defendants deny that the said Bell Telephone Company ever became or 
was a legal or duly constituted corporation ; and the defendants pray 
that the plaintiffs may be required by the court to make due proof 
of the incorporation of the said Bell Telephone Company, and of its 
right to make said alleged grant or conveyance. 

4, Because there is no due proof of the ownership by the said Bell 
Telephone Company of the title to the letters patent aforesaid, or of 
its legal right to own or hold such property ; and there is no due proof 
of the right, title, and authority of the said Bell Telephone Company 
to grant and convey to the said American Bell Telephone Company the 
exclusive right in and by the said papers purporting to be granted and 


conveyed. 
5. Because in the said alleged grant or conveyance it is mentioned and 
set forth that “this instrument is made at the request of the National 
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Bell Telephone Company, in pursuance of an agreement between said 
Bell Telephone Company and said National Bell Telephone Company, 
dated March 20th, 1879 ; said American Bell Telephone Company being 
the appointee of said National Bell Telephone Company to receive 
this conveyance ; and in pursuance of an agreement between said 
National Bell Telephone Company and said American Bell Telephone 
Company, dated May 8th, 1880.” And when the plaintiffs were before 
the examiner and were producing their proofs, Charles Eustis Hubbard, 
one of the witnesses for the plaintiffs, testified concerning an agreement 
between the Bell Telephone Company and the National Bell Telephone 
Company, dated March 20th, 1879, and an agreement between the 
National Bell Telephone Company and the American Bell Telephone 
Company, dated May 8th, 1880, whereupon the counsel for the defend- 
ants then and there called upon the counsel for the plaintiffs to produce 
the said two agreements, and the counsel for the plaintiffs then and there 
declined to produce the said two agreements, as appears by the testimony 
on page 103 of the plaintiffs’ printed record. And the defendants pray 
that the plaintiffs may now be required by the court to produce the said 
two agreements mentioned in the said alleged grant or conveyance, which 
the defendants aver, upon information and belief, are the same two 
agreements mentioned by the said Charles Eustis Hubbard in his said 
testimony, which the plaintiffs then refused and have since continued to 
refuse to produce. 

6. Because the plaintiffs neglected or refused to produce and offer in 
evidence before the examiner the said alleged grant or conveyance, and 
no adequate or sufficient evidence is now offered to the court to account 
for or excuse such neglect or refusal. 

7. Because the said papers and the said alleged grant and convevance 
are otherwise irrelevant and inadmissible. 


And the counsel for the defendants further object to the offer, and to 
the now receiving in evidence, of the said paper purporting to be the deed 
of Thomas Sanders to the American Bell Telephone Company, dated the 
21st day of June, A. D. 1880, and suggest and allege in support of 
said objection the following reasons, among others : 


1. Because it is alleged in paragraph four of the plaintiffs’ bill of com- 
plaint that “ the sole right to manufacture electric speaking telephones 
under said patents thereby became and still is vested in the said Ameri- 
ean Bell Telephone Company, and the only right granted to or possessed 
by any persons other than the said American Bell Telephone Company 


4 


under said patents has been and is the right to use telephones procured 
from said American Bell Telephone Company and its predecessors, upon 
payment of stated royalties under said two patents to the said American 
Bell Telephone Company ;” and the alleged title of the said American 
3ell Telephone Company is further mentioned and described in para- 
graph three of the plaintiffs’ bill of complaint; and the said alleged deed 
of the said Thomas Sanders to the American Bell Telephone Company, 
dated June 21st, 1880, should have been offered in evidence regularly at 
the taking of evidence before the examiner in this cause as part of the 
alleged title acquired by the American Bell Telephone Company, and 
cannot now be offered in evidence at bar and after the close of the argu- 
ment. 

2. Because the offer of the said deed in evidence should have been 
referred to the examiner in order that the defendants might have an op- 
portunity to inquire into the circumstances connected with the making of 
the said deed, and into the nature and extent of the title and interest of 
the said Thomas Sanders, and into the relevancy of said deed to the 
alleged title of the plaintiffs, and into all other matters and things con- 
nected therewith, and to offer evidence, if need be, touching the same. 

3. Because there is no proper or legal evidence that the said alleged 
deed was ever signed by the said Thomas Sanders. 

4. Because there is no proper or legal evidence that the said alleged 
deed was ever delivered by the said Thomas Sanders to the American 
Bell Telephone Company, nor is there any proof of the ownership, posses- 
sion, or custody of said paper from the time of its alleged execution, 
June 21st, 1880, down to the time of the making of the said affidavit of 


George L. Roberts, Esq., counsel of the plaintiffs, June 9th, 1885, in 


which affidavit it is stated that he, the said counsel, did not until the day 
when he made said affidavit, “ know of the existence of the deed, Sanders 
to the American Bell Telephone Company, dated June 21st, 1880,” 
although on November 2Iist, 1884, Charles Eustis Hubbard, who was 
clerk of the American Bell Telephone Company and of the Bell Tele- 
phone Company, as appears on plaintiffs’ printed record, interrogatory 
eleven, page ninety-seven, was called by the plaintiffs as a witness, and 
testified, as appears on said printed record, cross-interrogatory twenty- 
three, page one hundred and one, that “ Mr. Bell, Mr. Hubbard, and 
Mr. Sanders owned the inventions and patents in equal third parts ;” 
whereby the plaintiffs and their counsel more than six months ago were 
not only put upon inquiry as to the outstanding title and interest of the 
said Thomas Sanders, but were distinctly notified and informed by their 
own witness of the existence thereof. 


5) 


5. Because the said alleged deed does not show, nor does the bill of 
complaint state, what right, title, and interest the said Thomas Sanders 
owned in and to the said letters patent, nor does said deed or bill speci- 
fically describe the right, title, and interest sold, granted, assigned, and 
conveyed by the said Thomas Sanders to the American Bell Telephone 
Company in and by the said alleged deed. 

6. Because there is no proper or lawful evidence that the said Ameri- 
ean Bell Telephone Company, the grantee in said deed, is or ever was “‘a 
corporation established under the laws of the State of Massachusetts,” 
as in the said alleged deed mentioned, described, and set forth, or was or 
is, as a corporation, entitled to receive said transfer. 

7. Because the plaintiffs failed and neglected to produce and offer in 
evidence before the examiner the said alleged deed, and no adequate or 
sufficient evidence is now offered to the court to account for or excuse 
such neglect or refusal; and the plaintiffs themselves, for aught that 


appears, had the same knowledge, and the counsel of the plaintiffs had 


the same means of knowledge heretofore on the subject as at the present 
time. 

8. Because the said alleged deed is not mentioned or referred to in the 
bill of complaint, or set up as a part of the plaintiffs’ title, or as being in 
anywise connected therewith, and is no part of the contents of the bill 
as sworn to, but is entirely new and independent matter, and is a source 
of title additional to and inconsistent with the title set up in the bill. 

9. Because the said alleged deed is otherwise irrelevant and inadmis- 
sible, and as it is new matter, and a new source of title, cannot be given 
in evidence, until proper averments and additions in that behalf have 
been first made in and to the bill of complaint. 

10. Because the defendants did not at the time of said offers waive 
the examination of Charles Eustis Hubbard, or of Thomas Sanders, or 
waive any other matter or thing, but on the contrary objected to the 
admissibility of said offers, and contended that said offers should be 
referred to the examiner to be duly proven before him. 

The counsel for the defendants further object to the offer, and to the 
now receiving in evidence of the said paper purporting to be the affidavit 
of the said George L. Roberts, Esq., and allege the following reasons 
among others : 

1. Because the said affidavit states no adequate or sufficient reason for 
not giving the said papers in evidence before the examiner. 

2. Because the said affidavit is a voluntary expression of opinion 
upon the sufficiency of the evidence in the cause, and upon a matter of 
law to be decided by the court. 
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3. Because the said affidavit is otherwise irrelevant and inadmissible. 


Finally, should it hereafter be decided by the appellate court that the re- 
ceiving in evidence of the papers now offered by the plaintiffs is a matter 


of judicial discretion, not properly reviewable on appeal, the practical 
result of the action now asked to be taken by the court would be that 
the plaintiffs are allowed at this time to put in evidence a paper that 1s 
set up in the bill as a part of their chain of title, namely, the transfer by 
the Bell Telephone Company to the American Bell Telephone Company, 
dated April 23d, 1881, and also to put in evidence another paper that is 
not mentioned or set up in the bill, but which is offered now as a new 
and independent source of title, namely, the alleged transfer from 
Thomas Sanders to the American Bell Telephone Company, while at the 
same time the defendants are thus entirely deprived of their right to in- 
vestigate by cross-examination and by testimony on their part, the facts 
and circumstances touching said papers respectively and their connection 
with the cause, and are also deprived of the opportunity of taking ex- 
ceptions to the admission and relevancy of said papers in. such proper 
manner and form that the exceptions may be reviewed, if need be, in the 
appellate court. 


The counsel for the defendants object, therefore, to the respective offers 
of the counsel for the plaintiits, and to now receiving in evidence each 
and every of the papers aforesaid, for the reasons aforesaid, among 
others. 


The court having overruled the foregoing objections respectively, and 
admitted the said several papers in evidence, the defendants, by their 
counsel, object and except to the overruling of said exceptions, and to 
the admission of each and every of the said papers, and by leave of the 
court, the defendants now here file of record in the said cause the fore- 
going objections and exceptions. 


[ ENDORSED. | 
No. 15. April, ’84. 
C. C. U.S., E. D. of Pa. 


AMERICAN BELL TEL. Co. ET AL. 
Vv. 


CLAY COMMERCIAL TEL. Co. ET AL. 


DEFENDANTS’ EXCEPTIONS TO COMPLAINANTS’ ADDI- 
TIONAL PROOFS. 


Ordered to be filed and made part of record, June 18, ’85. 
W. McK., 
C. J. 


Filed June 19, 1885. 


by this court that the several Letters Patent upon which this suit is 
brought, viz.: Letters Patent granted to Alexander Graham Bell for 
an improvement in telegraphy, dated March 7, 1876, and numbered 
No. 174,465, and Letters Patent granted to said Bell for an improve- 
ment in electric telegraphy, numbered No. 186,787, and dated 
January 30, 1877, are good and valid in law; that the said Alex- 
ander Graham Bell was the original and first inventor of the inven- 


tions described in said several Letters Patent, Nos. 174,465 and 
186,787; that the title thereto, and to the inventions described and 
‘ claimed therein, is vested in the complainants, the American Bell 
Telephone Company ; and that the said defendants, the Clay Commer- 
cial Telephone Company, John C.- Scott, James McMillan, George W. 
Bratton, Samuel P. Godwin, Henry Clay, John J. Bailey, John Mars- 
ton, Jr., Thomas C. Else, James McC. Creighton and Joseph Wright, 


*' 
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have infringed the fifth claim of said Letters Patent, No. 174,465, 
and the third, fifth, sixth, seventh and eighth claims of said Letters 
Patent, No. 186,787, and the exclusive rights of the complainants 
under the same. 

And it is further ordered, adjudged and decreed (the complain- 
ants in open court, and to facilitate an appeal by defendants, waiving 
a reference to a master to take an account of the profits and damages), 
that said profits and damages be, and they are hereby assessed at 
the sum of one dollar. 

And it is further ordered, adjudged and decreed, that the said de- 
fendant, the Clay Commercial Telephone Company, do pay to the 
said complainants the said sum of one dollar profits and damages ; 
and also that the said defendants the Clay Commercial Telephone 
Company, John C. Scott, James McMillan, George W. Bratton, 
Samuel P. Godwin, Henry Clay, John J. Bailey, John Marston, Jr., 
Thomas C. Else, James McC. Creighton and Joseph Wright, do 
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pay complainants’ costs in this suit, hereby taxed at eight hundred 
and thirty-two dollars and eighty-five cents, and that complain- 
ants have judgment and execution therefor; and also that the said 
defendants, the Clay Commercial Telephone Company, John C. 
Scott, James McMillan, George W. Bratton, Samuel P. Godwin, 
Henry Clay, John J. Bailey, John Marston, Jr., Thomas C. Else, 
James McC. Creighton and Joseph Wright, their and each of their 
clerks, attorneys, agents, servants and workmen, and all others 
acting under or with them, be perpetually enjoined and restrained 
from making, selling or using the said improvements, patented as 
aforesaid, or either of either of them, and that an injunction do 
issue accordingly. 

And it is further ordered, adjudged and decreed, that as to the 
defendants, Alonzo P. Douglass and W. Harrison Godwin, the bill 
be dismissed without costs. ~ 


By the Court, Ap]. 12, 1886. 


{ ENDORSED. | 


15. April Sess., 1884. 
C. C. U.S., E. D. of Pa. 


THE AMERICAN BELL TELEPHONE Co. ET AL. 


‘ ‘ v. 
THE CLAY COMMERCIAL TELEPHONE COMPANY ET AL. 


DECREE. 
Entered and Filed April 12, 1886. 


And afterwards, to wit, on the 15th day of April, A. D. 1886, the 
respondents, by William W. Ker, Esquire, and Furman Sheppard, 
Esquire, their counsel, come into court here and pray for an appeal 
to the Supreme Court of the United States, which being read, is as 
follows, to wit: 


AMERICAN BELL TELEPHONE Com- 
PANY ET AL. 
Vv. 
CLAY CoMMERCIAL TELEPHONE 
COMPANY ET AL. 


U.S. Crrcourr Court, 
' EASTERN DISTRICT OF PENNSYLVANIA, 
APRIL SEssrons, 1884. 
No. 15. 


And now, April 15th, 1886, William W. Ker and Furman Shep- 
pard, Esqs., of counsel for the defendants, appear in open court and 
pray an appeal to the Supreme Court of the United States from the 
order, decree and judgment of this court against the defendants, 
entered April 12th, 1886. Whereupon the same is allowed, with 
security in the sum of sixteen hundred dollars. 


By THE Court. 


[ ENDORSED. | 


UNITED STATES CIRCUIT COURT. 


EASTERN DISTRICT OF PENNA. 


April Sessions, 1884. 
No. 18. 


AMERICAN BELL TELEPHONE COMPANY ET AL. 
Vv. 


‘ . | CLAY COMMERCIAL TELEPHONE COMPANY ET AL. 
APPEAL OF DEFENDANTS TO SUPREME COURT OF U.S. 


Filed April 15th, 1886. 
Wo. W. Ker, 
FURMAN SHEPPARD, 
Atty’s for Defendants. 


And afterward, to wit, on the 11th day of June, A. D. 1886, the 
respondents, by their counsel, William W. Ker and Furman Shep- 


pard, Esquires, come into court here and deposit into the Registry 
thereof the sum of sixteen -hundred dollars as security, on appeal to 
the Supreme Court of the United States. 


THE UNITED STATES OF AMERICA, SS. 
To the American Bell Telephone Company and The Beil Telephone 
Company of Philadelphia, GREETING : 
You are hereby cited and admonished to be and appear at a 
Supreme Court of the United States, to be holden at Washington, 


on the second Monday of October next, pursuant to an appeal filed’ 


in the Clerk’s office of the Circuit Court of the United States, for 
the Eastern District of Pennsylvania, in the third circuit therein. 
The Clay Commercial Telephone Company, John C. Scott, James 
McMillan, George W. Bratton, Samuel P. Godwin, Henry Clay, 
John J. Bailey, John Marston, Jr., Thomas C. Else, James Me- 
Creighton and Joseph Wright, appellants, and you are appellees, to 
show cause, if any there be, why the decree rendered against said 
appellants, as in said appeal mentioned, shall not be corrected, and 
why speedy justice should not be done to the parties in that behalf. 
Witness my hand, this 14th day of June, in the year of our Lord 
one thousand eight hundred and eighty-six. | 
W. McKENNAN, 
Cir. Judge. 


Service admitted this 15th day of June, A. D. 1886. 
CHARLES Howson, 
pro Appellee, 
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UNITED STATES OF AMERICA, - 
Eastern District of PENNSYLVANIA, J ° 

I, Samuel Bell, Clerk of the Circuit Court of the United States of 
America, for the Eastern District of Pennsylvania, in the Third Cir- 
cuit, do hereby certify the foregoing to be a true and faithful copy 
of the original Pleas and Proceedings in the case of The Ameri- 
ean Bell Telephone Company et al. v. The Clay Commercial Tele- 
phone Company et al., No. 15, April Session, 1884, on file, and now 
remaining among the records of the said Court in my office. 

In testimony whereof, I have hereunto subscribed my name, and 
affixed the seal of the said Court, at Philadelphia, this 25th day of 
September, in the year of our Lord one thousand eight hundred and 
eighty-six, and of the Independence of the United States the one 
hundred and eleventh. 
fseal U. §, Cireuit Court, E. D.7 SAMUEL BELL, 


Pennsylvania. 
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' States for the Eastern District 
of Pennsylvania. 


| BRIEF FOR APPELLANTS. 
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Supreme Court of the Umited States. 


OcTOBER TERM, 1886. No. 1092. 
THE CLAY COMMERCIAL TELEPHONE COMPANY 
ET AL., APPELLANTS, 
| US. 


AMERICAN BELL TELEPHONE COMPANY et At. 


APPEAL FROM THE CrrRcuIT CouRT OF THE UNITED STATES 
FOR THE EASTERN DISTRICT OF PENNSYLVANIA. 


BRIEF FOR APPELLANTS. 


STATEMENT OF THE CASE. 


This is a suit in equity brought in the Circuit Court of the 
United States for the Eastern District of Pennsylvania. On 
April 24th, 1884, the American Bell Telephone Company and 
the Bell Telephone Company of Philadelphia, filed their bill of 
complaint against the Clay Commercial Telephone Company, 
John C. Seott, James McMillan, George W. Bratton, Samuel 
P. Godwin, Alonzo P. Douglass, W. Harrison Godwin, Henry 
Clay, John J. Bailey, John Marston, Jr., Thomas C. Else, 
James McC. Creighton, and Joseph Wright. 


RRO YS TR RE Oe oer: 


ANALYSIS OF THE BILL OF COMPLAINT. 


The material allegations set forth in the bill of complaint 
are : 

That the American Bell Telephone Company is a corporation 
duly established under the laws of the Commonwealth of Massa- 
chusetts. 

That the Bell Telephone Company of Philadelphia is a cor- 
poration duly established under the laws of Pennsylvania. 

That on February 14th, 1876, Alexander Graham Bell, 
being the original and first inventor, made application to the 
Commissioner of Patents of the United States, and on March 
7th, 1876, letters patent, No. 174,465, for certain new and 
useful improvements in telegraphy, were issued and delivered 
to him. 

That on January 15th, 1877, Bell, being the original and first 


inventor, made application to the Commissioner of Patents of 


the United States, and on January 30th, 1877, letters patent, 
No. 186,787, for certain new and useful improvements in elec- 
tric telegraphy, were issued and delivered to him. 

That afterward, in July, 1877, Bell assigned unto Gardiner 
G. Hubbard, trustee, each of the letters patent aforesaid. 

That on July 20th, 1878, the said Gardiner G. Hubbard, 
trustee, assigned the said letters patent, and each of them, unto 
the Bell Telephone Company, a corporation established under 
the laws of the Commonwealth of Massachusetts. 

That on June 22d, 1880, the said Bell Telephone Company 
granted and conveyed unto the American Bell Telephone Com- 
pany the exclusive right under the said letters patent, and each 
of them, to the whole of the United States except the State of 
Massachusetts. 

That on April 23d, 1881, the said Bell Telephone Company 
granted and conveyed unto the American Bell Telephone Com- 
pany the exclusive right under the said letters patent, and each 
of them, to the State of Massachusetts. 

That the sole right to manufacture electric speaking tele- 


phones under said patents thereby became, and still is, vested 
in the said American Bell Telephone Company. 

That by license under the said American Bell Telephone 
Company the Bell Telephone Company of Philadelphia has 
acquired the sole and exclusive right to use telephones within a 
certain territory, which includes the city and county of Phila- 
delphia. | 

That electric speaking telephones had never been publicly 
known or used before the grant of said patent No. 174,465, and 
were first publicly made known and introduced into public use 
by Bell, under the said patents No. 174,465 and No. 186,787. 

That the transmission of articulate speech, telegraphically, 
according to the method invented by Bell, and patented to him 
as aforesaid, constituted an entirely new industrial art. 

That since the Ist day of February, in the year 1884, the de- 
fendants JOINTLY made, used, and furnished to others for use, 
in the city of Philadelphia and elsewhere in the Eastern Dis- 
trict of Pennsylvania, electric speaking telephones, each of 
which is constructed and adapted for the transmission of articu- 
late speech by and according to the method described and 
claimed in said patent to Bell, No. 174,465, and each of which 
embraces and embodies in one integral organization the inven- 
tions and improvements, or material and substantial parts 
thereof, described and claimed in said patents to Bell, No. 174,- 
465 and No. 186,787, respectively, in violation and infringe- 
ment of the exclusive rights of complainants. 

The bill prays for a perpetual injunction against all the 
defendants. 


ANALYSIS OF THE ANSWERS FILED BY THE DEFENDANTS. 


The Clay Commercial Telephone Company, one of the de- 
fendants below, on August 3d, 1884, filed a separate answer, 
admitting it to be true that the said letters patent, No. 174,- 
465and No. 186,787, were issued to the said Alexander Graham 
Bell, but denying all and singular the allegations in the said 
bill, “that the said Bell was the original and first inventor of 
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the alleged improvements described and claimed in the said 
letters patent, and that the same had not been known or used by 
others in this country, nor patented or described in any printed 
publication in this or any foreign country before his alleged 
invention or discovery, and that the same had not been in pub- 
lic use or on sale for more than two years prior to his said 
application for the said respective letters patent, but alleged the 
contrary thereof.” The material allegations and averments in 
the answer of this defendant being : 

That on December 9th, 1876, Bell caused letters patent to be 
taken out on his behalf in London, in the Kingdom of Great 
Britain ; that afterward, in consequence of some judicial or 
other public proceeding, Bell or his representatives made and 
filed certain alterations and disclaimers in the specification or 
description. forming a part of the said English letters patent, 
thereby disclaiming many material matters which in this country 
are claimed by and in behalf of Bell, whereby the patented 
claims made by or on behalf of Bell in Great Britain, and those 
made by him or in his behalf in this country, have become 
repugnant to and inconsistent with each other ; 

That the substantial and material parts of the things de- 
scribed and claimed in the letters patent dated January 30th, 
1877, No. 186,787, are described and claimed by Bell in the 
prior letters patent of March 7th, 1876, No. 174,465; that the 
substantial and material parts of the things described and 
claimed in the letters patent of January 30th, 1877, No. 186,- 
787, were described and claimed in the prior foreign letters 
patent taken out for Bell in England; that the English letters 
patent bear date December 9th, 1876, and inasmuch as the 
subsequent letters patent of the United States, No. 186,787, do 
not bear even date with the foreign letters patent, and are not 
limited to expire therewith, the letters patent of January 30th, 
1877, No. 186,787, are null and void ; 

That it has no knowledge that the complainants are corpora- 
tions duly established under the laws of the State of Massa- 
chusetts and of the State of Pennsylvania respectively; that the 
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alleged title as set forth in the bill does not authorize the com- 
plainants to bring or maintain the bill, or to assert the rights 
and claim the relief in manner and form therein and thereby 
asserted and claimed; that the bill is defective for want of 
proper and sufficient parties thereto; and that it prays that the 
complainants may be required to make due proof of all and 
singular the grants, assignments, and licenses in said bill men- 


tioned, and of their allegations in this behalf ; 


That it denies that electrie speaking telephones had never 


been publicly known or used before the grant to Bell of said 
patent, No. 174,465 ; or that they were first publicly made known 


and introduced into public use by Bell, under the said patents 


No. 174,465 and No. 186,787; or that Bell was the original 


and first inventor of said alleged inventions ; 


That it denies that the transmission of articulate speech, tele- 
graphically, according to the method alleged to have been in- 


vented by Bell, and patented to him by the two several patents 


aforesaid, constituted an entirely new industrial art ; that, on the 


contrary, these allegations and claims are in direct conflict with 
the publicly well known and the printed and published history 
of telephony ; that his alleged discoveries or inventions, without 


the aid and employment of the inventions and discoveries of 


others, were incapable of accomplishing such results 
claimed in said bill, and could not produce, and never 
duce, a practically effective, satisfactorily working, or 
cially successful telephone; that speaking telephones 


as those 


did pro- 
commer- 
arranged 


and constructed in the manner mentioned and set forth in said 


patent of Bell, No. 174,465, have never been put in use, are of 


no coinmercial value, and are, for practical purposes, without 


utility and inefficient and worthless ; 


That it denies that since the Ist day of February, in the year 
1884, it has made, used, and furnished to others for use in the 
city of Philadelphia or elsewhere, electric speaking telephones 
constructed and adapted for the transmission of articulate 


speech by and aecording to the method described and claimed in 


said patent to Bell, No. 174,465, and embracing and embodying 
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in one integral organization the alleged inventions and improve- 
ments, or material and substantial parts thereof, described and 
claimed in said patents to Bell, No. 174,465 and No. 186,787 
respectively ; that, on the contrary, the telephones made, used, 
and sold by it have been made and constructed under letters 
patent of the United States issued and granted in conformity 
with law to Henry Clay, as the first and original inventor of 
said patented improvements, and by him duly assigned to it ; to 
wit, May 8th, 1883, No. 277,112, fora new and useful improve- 
ment in telephones; July 3d, 1883, No. 280,551, for switch- 
board for telephones ; July 3d, 1883, No. 280,451, for telephone 
call bell ; July 3d, 1883, 280,580, for transmitter for telephone ; 
November 6th, 1883, No. 288,017, for telephonic transmitter ; 
that the devices and methods of operation set forth in these sev- 
eral letters patent are not similar to, but are wholly different 
from the devices described and claimed in the said letters patent 
of Bell, and are not violations or infringements of said letters 
patent, and do not embody or embrace the method, principle, 
operation, or construction therein or thereby set forth, described, 
and claimed ; 

That the two several letters patent in the said bill mentioned 
embrace numerically thirteen claims; that the bill does not in- 
dicate which of the several claims are infringed by the respond- 
ent; that as respects said patent, No. 174,465, the devices used 
Dv the respondent do not embody the method or apparatus de- 
scribed in said patent for transmitting vocal or other sounds 
telegraphically in manner and form as set forth in said patent ; 
that as respects said letters patent, No. 186,787, the devices used 
by the respondent do not use the apparatus, arrangements, and 
combinations, as set forth in said patent, or in manner and form 
as set forth and claimed in said patent ; 

That the alleged inventions or discoveries described or claimed 
in the said letters patent of Bell, or the substantial and material 
parts thereof claimed as new and original, had, prior to the 
alleged invention or discovery thereof by Bell, been mentioned, 
described, or claimed in divers letters patent granted and issued 


a 


<— 


to divers persons, mentioning the persons, and mentioning, 
among others, letters patent of Great Britain, No. 1044, dated 
April 8th, 1870, to Cromwell Fleetwood Varley ; 

That the alleged invention or discovery mentioned, described 
or claimed in the said letters patent of Bell, No. 174,465, or 
the substantial and material parts thereof claimed as new and 
original, had, prior to the supposed invention or discovery 
thereof by Bell, been made known, mentioned, and described in 
divers printed publications, setting forth the names, pages, dates, 
and places of the publications ; 

That the said respective letters patent of Bell are null and 
void for the reason, among others, that the principle or nature 
of said alleged invention is not fully, adequately, or intelli- 
gently explained so as to distinguish it from other inventions ; 
that the part, improvement, and combination claimed by Bell is 
not particularly pointed .out or distinctly claimed; that the 
specifications do not clearly and intelligently distinguish between 
the prior state of the art, the things theretofore known and in 


use, and the things claimed in said specification ; that many of 


the combinations claimed in said patents are unpatentable as 
combinations ; that many of said claims are vague, ambiguous, 
uncertain, and indefinite, and others of said claims are unlawful 
attempts to appropriate broadly, unrestrictedly, and exclusively 
the application and employment of principles of science, and 
the operation of laws or of properties of magnetic or electric 
action, which said attempted appropriation is unpatentable ; 
that the said alleged inventions or discoveries have been in 
public use and on sale in this country for more than two years 
prior to the application of Bell, and the material and substan- 
tial parts thereof claimed as new and original have been aban- 
doned to the public prior to said application ; 

That the distinction or difference asserted in the patents of 
Bell between undulatory currents and interrupted or pulsatory 
currents is imaginary, unreal, has no actual existence, and con- 
stitutes no patentable foundation of novelty, and furnishes no 
legal or equitable ground of distinction between the alleged 
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principle of the alleged invention or discovery of Bell, as 
claimed in said patents, and the methods and principles of action 
and operation well known and used in similar or analogous de- 
vices prior thereto 
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answer of the defendants John C. 


Scott, James McMillan, George W. Bratton, Samuel P. God- 


if rms ] 


vin, John T. Bailey, John Marston, Jr., Thomas C. Else, James 
MeC. Creighton, and Joseph Wright sets forth that these defend- 
ants are directors and ofheers of the Clay Commercial Tele- 
phone Company; that they are not parties or privies to the 
illewed acts of the said the Clay Commercial Telephone Com- 
anv otherwise than as directors and officers of said company ; 
nd that they have not by themselves jointly, or jointly with 
the said Clay Commercial Telephone Company, made, used, 


, |] } -™.. St . | | 
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The several answer of the defendant W. Harrison Godwin 
ts forth: that this defendant is emploved by the Clay Commer- 
cial Telephone Company as its secretary ; that his duties as such 

re merely clerical ; and that he is not otherwise a participant in 

e acts or business of said company. 

The several answer of the defendant Henry Clay sets forth: 
hat this defendant is not an ofticer or directer of the Clay (om- 
mercial ‘Telephone Company; that he assigned to said company 
the letters patent ot the United States mentioned in the answer 
ft sail company ; that he 1s employed in the service of said com- 
pany for the purpose of keeping the telephone instruments of the 
company in working order and repair; and that he is not re- 
sponsible for the acts and proceedings of said company. 


’ 
; 


The several answer of the defendant Alonzo P. Douglass sets 
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has transacted matters of legal business for the Clay Commercial 


Telephone Company; and that the only relation existing 
between himself and said company is the professional relation of 
counsel and client. 


The complainants filed a replication to the several answers of 
the defendants. 


COMPLAINANTS’ EVIDENCE. 


Four witnesses were examined on behalf of the complainants. 


The depositions of Daniel M. Adee and William C. ‘Tompkins 
related to the fact that the Clay Commercial Telephone Com- 
pany was using electric speaking telephones and carrying on the 
business of telephony in the city of Philadelphia. ‘This fact is 
not denied on the part of said company. 

The deposition of Charles Eustis Hubbard related to the or- 
ganization of the Bell Telephone Company ‘of Massachusetts 
and other companies, and to the title to the patents of Bell. 

The deposition of Professor Charles Rk. Cross related to elec- 
tricity, telephony, the construction and operation of the instru- 
ments, and the scientific questions involved in the issue. 

Documentary evidence was also offered on behalf of complain- 


ants. 


From the evidence offered on behalf of complainants, it was 
shown : 

That February 14th, 1876, Alexander Graham Bell made ap- 
plication to the Commissioner of Patents of the United States, 
and letters patent were issued to him, No. 174,465, dated March 
7th, 1876, for certain new and useful improvements in telegra- 
phy. (Record, pp. 57-65.) : 

That on December 9th, 1876, letters patent No. 4765, for im- 
provements in electric telephony and telephonic apparatus, were 
granted in London, in the Kingdom of Great Britain, to Wil- 
liam Morgan Brown, for and on behalf of Bell. (Record, p. 
224-262.) 

That on January 15th, 1877, Bell made an application to the 
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telegraphy. 


Hubbard and 
said two pat- 
76, and January 30th, 
Sanders owned the 
(See testimony 
. 24, Reeord, p. 105.) 

and executed an assign- 


» Gardiner G. Hubbard, trustee, all 


the inven- 


o letters patent dated respec- 
50th, 1877, for, to, and in 


mn no other place or 


he said Gardiner G. Hubbard, trus- 
of trust, providing for the formation 
the purpose of carrying on the business of 
telephony, to be called Bell Telephone Company, and declaring 


ters patent in trust for the benefit of said 


That an unincorporated association was formed by Bell and 


which association carried on 
bard as its trustee. (See testimony of Charles Eustis Hubbard, 
int. 6, Record, p. 
|). LOO ; cross-int. 


Dp. 1Q2.) 


int. 9, ltecord, }). 


six others, the interests being divided into five thousand shares, 


business with Gardiner G. Hub- 


int. LO, Weeord, 
530, Record, 


That the New England ‘Telephone Company was incorporated 


license from Gardiner G. Hubbard, trustee. 


Charles Eustis Hubbard, cross-int. 30 : 


to carry on the telephone business in New England, under 
(See testimony of 
Record, p. 106.) 


That a company called the Bell Telephone Company was in- 


corporated under the laws of Massachusetts to carry on business 
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for the whole of the United States outside of New England. 
(See testimony of Charles Eustis Hubbard, int. 9, Record, p. 
100; cross-int. 30, Record, p. 106.) The charter of this com- 
pany was not produced or offered in evidence, but the date of its 
incorporation appears to have been some time subsequent to Juky 
i9th, 1878. 

That on July 20th, 1878, Gardiner G. Hubbard, trustee, ex- 
ecuted an assignment, dated July 20th, 1878, assigning to the 
said Bell Telephone Company all the right, title, and interest 
held by him (Hubbard) as trustee of the said letters patent dated 
March 7th, 1876, and January 30th, 1877. (Record, p. 77.) 

That on Mareh 10th, 1879, the National Bell Telephone 
Company was organized. The Bell Telephone Company and 
the New England Telephone Company were merged in the Na- 
tional Bell Telephone Company, but the corporate existence of 
the Bell Telephone Company and New England Telephone 
Company has never ceased. (See testimony of Charles Eustis 
Hubbard, cross-int. 30, Record, p. 106.) There was no charter 
for either of these companies produced or offered in evidence. 

That on March 19th, 1880, an Act of the Legislature of the 
Commonwealth of Massachusetts was approved, entitled “ An 
Act to Incorporate the American Bell Telephone Company,” 
wherein it was enacted that Alexander Graham Bell, William H. 
Forbes, George Z. Silsbee, Richard 8. Fay, Alexander Coch- 
rane, George L. Bradley, Francis Blake, Jr., Thomas Sanders, 
and their associates may associate themselves, and organize a cor- 
poration according to the provisions of Chapter 224 of the Acts 
of the year 1870, and the Acts in amendment thereof and in ad- 
dition thereto, for the purpose of manufacturing, owning, sell- 
ing, using, and licensing others to use, electric speaking tele- 
phones, ete., with a capital stock exceeding one million of dol- 
lars and not exceeding ten millions of dollars, but the act speci- 
fies no name for the corporation. (Record, p. 79.) 

That on April 17th, 1880, the Secretary of the Commonwealth 
of Massachusetts issued a certificate under the seal of the Com- 
monwealth of Massachusetts, certifying that W. H. Forbes, G. 
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L. Bradley, G. Z. Silsbee, C. E. Hubbard, F. Blake, W. G. 
Saltonstall, R. S. Fay, R. W. Devonshire, C. Emerson, T. B. 
Bailey, and C. M. Whitcomb have associated themselves with 
the intention of forming a corporation under the name of the 
‘American Bell Telephone Company, for the purpose of manu- 
facturing, owning, selling, using, and licensing others to use 
electric speaking telephones, with a capital of seven million three 
hundred and fifty thousand dollars. (Record, p. 82.) 

That on May 8th, 1880, the National Bell Telephone Com- 
pany assigned and transferred to the American Bell Telephone 
Company all the right, title, and interest which it had to or 
under said two patents dated March 7th, 1876, and January 


30th, 1877. 


(Record, p. 88.) 


That on June 21st, 1880, Thomas Sanders executed an 
assignment, assigning to the American Bell Telephone Com- 
pany all his right, title, and interest in and to the said patent, 
dated March 7th, 1876, No. 474,465. (Record, p. 5 

This assignment was offered and received in evidence after the 


case had been argued. 
That on June 22d, 1880, the Bell Telephone Company exe- 


cuted an assignment, assigning to the American Bell Telephone 


39.) 


Company the exclusive right, under the patents dated March 
7th, 1876, and January 30th, 1877, to all the territory in the 
United States except the State of Massachusetts. 


78.) 


That on April 23d, 1881, the Bell Telephone Company of 
Massachusetts executed an assignment, assigning to the Ameri- 
can Bell Telephone Company the exclusive right, under the 
patents dated March 7th, 1876, and January 30th, 1877, to the 


State of Massachusetts. (Record, p. 538.) 
This assignment was offered in evidence after the case had 


been argued. 


(Record, p. 


That the transmitting and receiving instruments made and 
used by the defendants under the letters patent owned by 


the Clay Commercial Telephone Company differed in form, 
arrangement, and construction from those claimed by the 
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complainants according to the specifications and claims set forth 
in the said two letters patent dated March 7th, 1876, and 
January 30th 1877. (See testimony of Charles R. Cross, 
Record, pp. 144-155.) 


DEFENDANTS’ EVIDENCE. 


Two witnesses, Dr. Carl Seiler and Dr, Charles M. Cresson, 
were examined on behalf of the defendants. Their testimony 
related to sound, telephony, the construction and operation of 
the instruments, and the scientific questions involved in the 
issue. 

Documentary evidence was also offered on behalf of the de- 
fendants. 


FINAL HEARING. 


At the final hearing on the merits, and after the oral argu- 
ment of defendants’ counsel, the complainants offered in evi- 
dence : 

The original and certified copy of a deed from the Bell Tele- 
phone Company of Massachusetts, dated April 23d, 1881, 
assigning to the American Bell Telephone Company the exclu- 
sive right, under the patents dated March 7th, 1876, and 
January 30th, 1877, to the State of Massachusetts. 

Also, a deed from Thomas Sanders to the American Bell 
Telephone Company, dated June 21st, 1880, assigning to the 
American Bell Telephone Company all his right, title, and 
interest in and to the said letters patent dated March 7th, 1876, 
No. 174,465. 

Also, the affidavit of George L. Roberts. (Record, p. 537.) 


To this offer the defendants objected. The court overruled 
the objection, and admitted the evidence. The defendants ex- 
cepted} and, with the leave and by direction of the court, filed 
their objection and exceptions of record. (Record, pp. 543- 


547.) 
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II. 
ASSIGNMENTS OF ERROR. 


1. The court below erred in entering a decree in favor of the 
complainants, when the evidence does not show that the Ameri- 
can Bell Telephone Company was or Is a corporation duly es- 
tablished under the laws of the Commonwealth of Massachu- 
setts. 


2. The court below erred in entering a decree in favor of the 
eomplainants when there was no evidence to show that the Bell 
Telephone Company of Philadelphia was or is a corporation 
duly established under the laws of the State of Pennsylvania. 


3. The court below erred in .overruling the objection of the 
defendants to the admission of the original and certified copy of 
the deed of assignment of the Bell Telephone Company of Massa- 
chusetts, dated April 23d, 1881, and the assignment of Thomas 
Sanders to the American Bell Telephone Company, dated June 
21st, 1880, and the athdavit of George L. Roberts, offered in 
evidence by the complainants at the final hearing on the merits, 
and after the oral argument of the defendants’ counsel. 

4. The court below erred in entering a decree in favor of the 
complainants when the evidence shows that the complainants 
were not alone entitled to institute and maintain a suit against 
the defendants. 


5. The court below erred in adjudging and decreeing that the 
title to the said several letters patent granted to Alexander Graham 
Bell, dated March 7th, 1876, No. 174,465, and dated January 
30th, 1877, No. 186,787, is vested in the complainants, the 
American Bell Telephone Company. 


6. The court below erred in adjudging and decreeing that the 
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said Alexander Graham Bell was the original and first inventor 
of the inventions described in the said letters patent dated March 
7th, 1876, No. 174,465. 


7. The court below erred in adjudging and decreeing that the 
said letters patent granted to Alexander Graham Bell for an 
improvement in telegraphy, dated March 7th, 1876, No. 174,465, 
are good and valid in law. 


8. The court below erred in adjudging and decreeing that the 
defendants, the Clay Commercial Telephone Company, John C, 
Scott, James McMillan, George W. Bratton, Samuel P. Godwin, 
Henry Clay, John J. Bailey. John Marston, Jr., Thomas C. 
Else, James McC. Creighton, and Joseph Wright, have infringed 
the fifth claim of the said letters patent, dated March 7th, 1876, 
No. 174,465. 


9. The court below erred in adjudging and decreeing that the 
said Alexander Graham Bell was the original and first inventor 
of the inventions described in the said lettérs patent, dated Janu- 


ary 30th, 1877, No. 186,787. 


10. The court below erred in adjudging and decreeing that 
the said letters patent granted to Alexander Graham Bell for 
an improvement in electric telegraphy, dated January 30th, 1877, 
No. 186,787, are good and valid in law. 


11. The court below erred in adjudging and decreeing that 
the defendants, the Clay Commercial Telephone Company, John 
C. Scott, James McMillan, George W. Bratton, Samuel P. God- 
win, Henry Clay, John J. Bailey, John Marston, Jr., Thomas 
C. Else, James McC. Creighton, and Joseph Wright, have in- 
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fringed the third, fifth, sixth, seventh, and eighth claims of said 
letters patent, dated January 30th, 1877, No. 186,787. 


12. The court below erred in entering a decree against the 
appellants, John C. Scott, James McMillan, George W. Bratton, 
Samuel P. Godwin, John J. Bailey, John Marston, Jr., Thomas 
C. Else, James McC. Creighton, and Joseph Wright. 


13. The court below erred in entering a decree against the 
appellant, Henry Clay. 


14. The court below erred in entering a judgment and decree 
against the appellants, under the evidence. 


vr 
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III. 
BRIEF OF ARGUMENT. 


B, 


It isalleged in the bill of complaint that the American Bell 
Telephone is “ acorporation duly established under the laws of the 
Commonwealth of Massachusetts.” ‘This is a descriptive alle- 
gation. Ifa descriptive allegation is not proved as laid, it is a 
fatal variance. 


(1 Greenleaf on Evidence, p. 82, sec. 64.) 


To prove the incorporation, the complainants offered in evi- 
dence a special Act of the Legislature of the Commonwealth of 
Massachusetts. (Record, p. 79.) It is entitled “ An Act to In- 
corporate the American Bell Telephone Company.” The name 
of the proposed corporation is not mentioned in the body of the 


act. 


“When a corporation is erected, a name must be given to it, 
and by that name alone it must sue and be sued, and do all legal 
acts. Such name is the very being of its constitution. The 
name is the very knot of the combination, without which it could 
not perform its corporate functions.” 


Blackstone’s Commentaries, Book I, ch. 18, p. 476. 
Angell and Ames on Corporations (10 ed.) see. 1. 
Dartmouth College v. Woodward, 4 Wheaton, 636. 


The act is entitled, “An Act to Incorporate the American 
Bell Telephone Company.” ‘The title cannot confer the name 
American Bell Telephone Company upon the corporation. 


“ The titleof a statute, it has been repeatedly held, is no part or 
parcel of the statute.” 


20 


Potter’s Dwarris on Statutes and Constitutions, p. 102. 

Sedgwick on Construction of Statutes (2d ed.), pp. 39, 40. 

Mills v. Wilkins, 6 Modern, 62. 

Haddon v. The Collector, 5 Wallace, 107. 

Coal Company v. Slifer, 53 Penna. 71. 

Union Passenger Railway Company’s Appeal, 32 P. F. 
Smith (Penna.) 94. 


The special act, offered in evidence, enacts that Bell and his 
associates may associate themselves, and ‘ organize a corporation 
according to the provisions of chapter 224 of the act of the year 
1870, and the acts in amendment thereof and in addition there- 
to.” Chapter 224 of the Act of 1870 and its amendments are 
now known as chapter 106 of the Public Statutes of Massachu- 
setts, and so much thereof as relates to the association and or- 
ganization of corporations is as follows: 


Section 4. Any such number of persons as is hereinafter pro- 
vided, who associate themselves together by such an agreement 
in writing as is hereinafter described, with the intention “of form- 
ing a corporation for any purpose hereinafter specified, upon 
complying with the provisions of section 21, shall be and remain 
a corporation. 

Section 16. Such agreement shall set forth the fact that the 
subscribers thereto associate themselves together with the inten- 
tion of forming a corporation, the corporate name assumed, the 
purpose for which it is formed, the town or city, which shall be 
in this Commonwealth, in which it is established or located, the 
amount of the capital steck, and the par value and number of 
its shares. 

Section 17. Any corporate name may be assumed which indi- 
cates that it is a corporation, and which is not in use by an exist- 
ing corporation or company ; and the name assumed shall be 
changed only by act of the General Court. If organized for the 
purposes mentioned in sections 9 or 10, the words “ co-operative ” 
or “ fishing,” respectively, shall form part of the name. 

Section 18. The first meeting shall be cailed by a notice signed 
by one or more of the subse ribers to such agreement, stating the 
time, place, and purpose of the meeting, a copy of which notice 
shall, seven days at least before the day appointed for the meet- 
ing, be given to each subscriber, or left at his usual place of 
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business or place of residence, ordeposited in the post office, post- 
paid, and addressed to him at his usual place of business or of 
residence, and whoever gives such notice shall make affidavit of 
his doings, which shall be recorded in the records of the corpo- 


ration. 
7 Section 20. At such first meeting, including any necessary or 
reasonable adjournment, an organization shall be effected by the 


choice by ballot of a temporary clerk, who shall be sworn, and 
by the adoption of by-laws, and the election, in the manner pro- 
vided in section 24, of directors, treasurer, clerk, and such other 
officers as the by-laws may provide; but at such first meeting 
no person shall be eligible as a director who has not subscribed 
the agreement of association. The temporary clerk shall make : 
and attest a record of the proceedings until the clerk has been : 
chosen and sworn, including a rec ord of such choice and qualifi- 
cation. 

Section 21. The president, treasurer, and a majority of the 
directors shall forthwith make, sign, and swear to a certificate 
setting forth a true copy of the agreement of association, with 

» the names of the subscribers thereto, the date of the first meet- 
ing, and the suecessive adjournments thereof, if any, and shall 
submit such certificate and also the records of the corporation to 
the Commissioner of Corporations, who shall examine the same, 4 
and who may require such other evidence as to the facts of the ; 
case as he may judge necessary. ‘The Commissioner, if it ap- 
pears that the requirements of the preceding sections preliminary 
to the establishment of the corporation have been complied with, 
shall certify that fact and his approval of the certificate by in- 
dorsement thereon. Such certificate shall thereupon be filed by 
said officers in the office of the Secretary of the Commonwealth, 
who, upon payment of the fee hereinafter provided, shall cause 4 
the same, with the indorsement thereon, to be recorded, and shall 

> thereupon issue a certificate in the following form : 

The Secretary shall sign the same and cause the seal of the ic 
Commonwealth to be thereto. affixed, and such certificate shall we 
have the force and effect of a special charter, and shall be con- 
clusive evidence of the existence of such corporation. He shall ; 
also cause a record of such certificate to be made, and a certified 
copy of such record may be given in evidence with like effect as 
the original certificate. 


Pt eee ene eee coe 


To further prove the incorporation, the complainants offered 
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in evidence a certificate, under the seal of the Secretary of the 
Commonwealth of Massachusetts, certifying that W. H. Forbes 
and ten other persons had associated themselves under the name 
American Bell Telephone Company, with a capital of seven 
million three hundred and fifty thousand dollars. (Record p. 82.) 


The special act does not give the persons named in it power 
to assume a name. It givesthem power to organize a corpora- 
tion. The assumption of a name was not one of the incidents 
which attached, even by implication, to the powers, purposes, or 
objects stated in the act. We are to look at what the Legisla- 
ture actually did, and not what it intended to do. The act was 
a grant from a sovereign power, and is to be taken most_benefi- 


cially for the sovereign, and against the grantee. 


2 Blackstone’s Commentaries, 347. 

Potter’s Dwarris on Statutes, ete., p. 146, 215. 

Dartmouth College v. Woodward,4 Wheaton, 636. 
Commonwealth v. Railroad Company, 3 Casey (Penna.), 351. 


The special act was a later one. It does not incorporate chap- 
ter 224 in its provisions. It refers to chapter 224, by enacting 
that Bell and his associates might “ organize a corporation ac- 
cording to the provisions of chapter 224.” The powers con- 
ferred by the special act are limited to the precise language used. 
The language confers no authority upon the Secretary of the 
Commonwealth to issue such a certificate as has been offered in 


evidence, 


Commonwealth v. Railway Company, 2 P. F. Smith (Penna.), 
52. ° 

3owling Green Railway Company v. Warren County Court, 
10 Bush (Ky.), 711. 

Ellis v. Paige, 1 Pickering, 43. 

Farmers’ Loan Company v. Carroll, 5 Barbour, 613. 

Angell and Ames on Corporations, secs, 81, 111. 
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2. 
The Bell Telephone Company of Philadelphia is one of the 


complainants mentioned in the billof complaint. It is described 
as “a corporation duly established under the laws of the State of 
Pennsylvania.” Although, under the pleadings, the complain- 
ants were bound to prove the existence of the corporation, yet 
there was no act, law, charter, or evidence offered to prove that 
such a corporation ever did exist. 


Os 


At the final hearing on the merits, and after argument by 
defendants’ counsel, the complainants offered in evidence an 
assignment from the Bell Telephone Company of Massachusetts 
to the American Bell Telephone Company, of all its right, title, 
and interest in the two letters patent, No. 174,465 and No. 
186,787 ; and also an assignment from Thomas Sanders to the 
American. Bell Telephone Company, of all his right, title, and 
interest in the letters patent No. 174,465, together with an 
affidavit of George L. Roberts. (Record, p. 537.) 


The assignment from the Bell Telephone Company recites 
other agreements that are a part of the chain of title. The 
counsel for defendants objected to the reception of the evidence 
at that stage of the case, and as a part of the objection called 
for the agreements mentioned in the assignment. (Record, p. 


544.) 


The evidence was a material part of the complainants’ chain 
of title, and should have been produced before ‘the examiner, 
with the agreements mentioned therein, and proper proof made 
of the execution thereof. The court should have referred the 
evidence to an examiner. 


et ee ne . 
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4, 


The evidence shows that the complainants were not alone 
entitled to institute and maintain a suit against the defend- 
ants. 


The patents of 1876 and 1877 were granted to Bell. 

Bell afterward assigned to Gardiner G. Hubbard and Thomas 
Sanders each a third of the title and interest in the patents. 
(Record, p. 105.) 

sell afterwards assigned his third interest to Gardiner G. 
Hubbard, as trustee. 

Then the Bell Telephone Company, an unincorporated associa- 
tion, was formed and carried on business, with Hubbard as its trus- 
tee. (Record, pp. 98, 99,100, 103, 105.) 

Then the New England Telephone Company was incorporated 
and received a license from Hubbard, the trustee. (Record, p. 
106.) 

Then Hubbard, the trustee, assigned to the Bell Telephone 
Company of Massachusetts all his right, title, and interest in 
the patents held by him in trust. (Record, p. 77.) This assign- 
ment appears to have been made before the Bell Telephone Com- 
pany was organized or incorporated. (Record, p. 100.) 

Then the Bell Telephone Company is alleged to have been 
incorporated under the laws of the Commonwealth of Massa- 
chusetts “to carry on business for the whole of the United 
States outside of New England.” (Record, p. 106.) As Massa- 
chusetts is included in the New England States, the Bell Tele- 
phone Company was prohibited by its charter (if it had one) 
from carrying on business in Massachusetts, under whose laws 
it was incorporated. Therefore, the company should be regarded 
not as a corporation, but merely as a partnership. 


“No rule of comity will allow one State to spawn corpora- 
tions and send them forth in other States to be nurtured and do 
business there when said first-mentioned State wil! not allow them 


aw 
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to do business within its own boundaries.” (Land Grant Rail- 
way and Trust Company v. Commissioners of Coffee County, 6 
Kansas, 245). 


Hill v. Beach, 1 Beasley (N. J.), 31. 


Then the National Bell Telephone Company was organized. 
(Record, p. 106.) There was no charter produced for this com- 
pany, but it appears that the Bell Telephone Company and the 
New England Telephone Company were merged in the National 
Bell Telephone Company, yet the corporate existence of the Bell 
Telephone Company and the New England Telephone Company 
has never ceased. (Record, p. 106.) 

Then the American Bell Telephone Company is alleged to 
have been incorporated. If it were not properly incorporated 
it also should be regarded merely as a partnership. 

Then the National Bell Telephone Company assigned to the 
American Bell Telephone Company all its right, title, and in- 
terest in the two patents. (Record, p. 85.) It does not appear 
how the National Bell Telephone Company acquired any right, 
title, or interest in the two patents, except by inference, from 
the testimony as to the merger in that company of the Bell 
Telephone Company and the New England Telephone Company, 
together with the recitals in the various assignments, of agree- 
ments existing between the three companies. 

Then Thomas Sanders assigned to the American Bell Tele- 
phone Company all his right, title, and interest in the patent, 
dated March, 7th, 1876. (Record, p. 539.) Sanders still re- 
tained his third interest in patent of January 30th, 1877. 

Then the Bell Telephone Company of Massachusetts assigned 
to the American Bell Telephone Company the exclusive right, 
under the two patents, to all the territory in the United States, 
except the State of Massachusetts. (Record, p. 76.) 

Then the Bell Telephone Company of Massachusetts assigned 
to the American Bell Telephone Company the exclusive right, 
under the two patents, to the State of Massachusetts. (Record, 
p- 538.) 
4 


? 
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The facts here stated are shown by the evidence offered by 
the complainants in support of their right and title to bring suit. 
If the various assignments to the American Bell Telephone 
Company were made by parties lawfully and equitably author- 
ized to make such assignments (which fact is not conceded, but, 
on the contrary, is shown by the evidence to be otherwise), the 


complainants’ own evidence shows: 


First. That, as regards the patent dated March 7th, 1876, No. 
174,465, at the time this suit was brought, the American Bell 
Telephone Company owned two-thirds of said patent and Gar- 
diner G. Hubbard owned the remaining one-third thereof. 


Second. And that as regards the patent dated January 30th, 
1877, No. 186,787, at the time this suit was brought, the 
American Bell Telephone Company owned one-third of said 
patent, Gardiner G. Hubbard owned one-third, and Thomas 
Sanders owned one-third thereof. 


O. 


The court below adjudged and decreed that the title to the 
two letters patent, dated respectively March 7th, 1876, and Jan- 
uary 30th, 1877, is vested in the complainants, the American 
Bell Telephone Company. | 


This judgment and decree are erroneous, because the com- 
plainants’ proots show that the American Bell Telephone Com- 
pany owned but TWO-THIRDS of the patent dated March 7th, 
1876, and but ONE-THIRD of the patent dated January 30th, 
1877. 

6. 


The sixth, seventh, and eighth assignments of error may 
be considered together. 
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The court adjudged and decreed that Bell was the origi- 
nal and first inventor of the inventions described in the patent 
dated March 7th, 1876, No. 174,465; that the title to the letters 
patent are good and valid in law, and that the appellants have 
infringed the fifth claim of the said letters patent. 


Professor Cross, the only witness on the part of the complain- 
ants, was asked, upon cross-examination, to distinguish what, in 
his opinion, is new and what is old in the specifications in the 
patent. In his answer the witness pointed out what, in his 
opinion, was new. (Record, pp. 176, 177, and 178.) On page 


cation,” must not be included in the new matter, because, as the 
witness afterward testified (Record, p. 185), he included that 
paragraph in the new matter by mistake. 


The evidence shows that Bell was not the original and first in- 
ventor of the inventions described in the patent. 


The material parts of the invention, claimed as new and origi- 
nal, were made known and described in printed publications prior 
to the granting of the letters patent, which printed publications 
have been offered in evidence. 


The substantial and material parts of the invention claimed 
were described and claimed in letters patent granted to other 
persons prior to the grant of the letters patent to Bell, and 
which letters patent have also been offered in evidence. 


The claim is not warranted by the descriptions and _specifica- 
tions set forth in the patent or by the proofs and evidence. 


The apparatus is inherently unfit for telephonic purposes in 
the transmission of articulate speech. (Testimony of Dr. Cresson, 


Record, pp. 368, 370.) 


on te emnrasteene ne ae tlle ie 


30 


That the letters patent dated March 7th, 1876, are not good 
and valid in law. 

That the letters patent dated January 30th, 1877, are not 
vood and valid in law. 


The evidence also shows that the instruments used by the 
Clay Commercial Telephone Company are not formed, arranged, 
or constructed in conformity with or according to the specifica- 
tions and claims set forth in the Bell patents, and that the de- 
fendants had not infringed the said patents of Bell. (Testi- 
mony of Professor Cross, Record, p. 144-155; testimony of 
Dr. Cresson, Record, p. 382-385.) 


WILLIAM W. KER, 
of Counsel for Appellants. 
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| CLAY COMMERCIAL TELEPHONE Co. ET AL. 
v. No. 1092. 
AMERICAN BELL TELEPHONE Co. ET AL. ( 


1 SPECIAL BRIEF FOR THE BELL COMPANY, APPELLEES. 


iD The Clay Company’s brief raises two special questions. The 
» facts on which they must turn are in all the cases, but no counsel in 
any of the litigation, either before or. since the Clay case, has thought 
them worth raising. They raise technical questions about the legal 
title of the Bell Company to the patents under which all its business 
| has always been done, and questions as to the effect of Mr. Bell’s 
| English patent on the validity of his second subordinate United 
| States patent. These objections cannot be raised in any other case, 
because they were not duly taken in the court below, where they 
could have been remedied if there were any foundation for them. 
For the same reason, the questions are not open in this case. 

Title. The chain of title alleged in the bill (Clay, p. 5 para- 
graph 3) is: 

Grant to Alexander Graham Bell: 

Recorded assignment, dated July 28, 1877, to Gardiner G. Hub- 


bard, trustee. 
| Assignment, Hubbard, trustee, to Bell Telephone Company, by 
deed dated July 20, 1878, recorded Oct. 3, 1878. 
Assignment, Bell Company to American Bell Company (com- 
| plainants) . by deed dated June 22, 1880, recorded June 24. 1880, of 
the exclusive right and legal title to all the territory of the United 
States except the State of Massachusetts. 

Another deed, same to same, dated April 23, 1881, of the exclu- 

sive right for the State of Massachusetts, and all other remaining 


title and rights. 
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2 BRIEF FOR BELL CO. IN CLAY CASE. 


‘hese assignments were produced and duly proved. The sub- 
stance of them is, that the patents were granted to Mr. Bell; that 
he assigned them to Hubbard, trustee; that Hubbard, trustee, as- 
signed them to the Bell Company; that the Bell Company assigned 
them to the American Bell Company, first for the whole of the 
United States, except Massachusetts, and afterwards for Massachu- 
setts. 

The answer says that the defendants have no information about 
the incorporation of the corporations mentioned, nor about the 
transfers of title, and alleges “ that the said alleged title, as set forth 
in said bill, does not authorize the complainants to bring or main- 
tain this bill,” aud prays that the complainants be required to prove 
the grants referred to. 

In putting in the testimony, the complainants’ counsel put in all 
the deeds referred to, with one exception. He forgot to put in the 
second deed from the Bell Company to the American Bell Company, 
conveying the interest for the territory of Massachusetts. That was 
not material, because the infringement complained of took place en- 
tirely in Pennsylvania, and under the statute, the American Bell 
Company, owning the territorial title for Pennsylvania, could bring 
the suit whether it owned the patent for Massachusetts or not. The 
omission was not noticed on either side until the argument. Then 
the Court, upon the suggestion of the complainants, allowed the 
deed in question and some others to be put in, together with the 
affidavit of Mr. Roberts, the counsel who put in the evidence for the 
Bell Company, that he either did not know of, or had overlooked 
the deed in question (Clay, 537-541). 

It was specifically alleged in the bill, and was put in evidence in 
other cases where other counsel took the prima facie case. The ree- 
ord without that deed, and of course the record with ‘it, makes a per- 
fect legal title on the face of the papers in the American Bell Tele- 
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phone Company. It is the title alleged in the bill which is sworn 

to by the president of the company. Neither the answer nor the 

evidence suggest any conveyance putting the legal title elsewhere. 
To make technical proof of the signatures to the assignments and 


some other similar matters, the complainants ealled Mr. Charles 


Eustis Hubbard, who had been clerk of the corporations referred to. 


AS TO 


TITLE. 


He testified that the first deed, July, 1877, Bell to Hubbard trustee, 
was originally in his possession as clerk of the association for which 
Hubbard was trustee ; that he sent it to the Patent Office and had it 
recorded ; and adds: “To the best of my recollection, they were re- 
turned to me from Washington, and were in my custody as clerk of 
the association ; but though [ have made diligent search for them in 
various places, I have been unable to find them, and do not know 
where they are.” The assignment was to Hubbard, as trustee for 
the Bell Telephone Association. The witness was their lawful cus- 
todian, and their actual custodian. He had lost them and had 
searched for them. He was cross-examined as to when he last saw 
them; the removals of his office: the search he had made in his 
present office and in the vault where he formerly kept his papers, 
and at the house of Mr. Gardiner G. Hubbard among papers of 
Mr. Hubbard and Mr. Bell. That proved the existence, execu- 
tion and loss of the papers by the witness whose special duty it 
was to have them, and who is last known to have had them in 
his custody. We then proved the paper by an exemplified copy 
from the Patent Office, Mr. Hubbard swearing to the fact that he 
has also compared the exemplified copy with another copy which 
he had himself prepared from the original. No objection was 
made that the loss was not duly proved. If there had _ been, 
other witnesses could have been examined if necessary. No such 
objection can now be made. 

On cross-examination he testified as to various business rela- 
tions of certain companies ; upon which the defendant, on the ree- 
ord (Clay, 107) called for the production of an agreement between 
the Bell Company and the National Bell Company, and between the 
National Bell Company and the American Bell Company, apparently 
on the assumption that that might show some title in the National 
Bell Company. The complainants declined to produce the papers, 


- 


on the ground that they were “merely collateral and did not affect 
the legal title to the patents in suit”; but they thereupon put in 
evidence a legal assignment of all right, title and interest, from the 
National Bell Company to the Bell Company, made and recorded in 
1880, several years before the suit was brought, and proved its 


execution by the officers and board of the corporation. That com 
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pany appears to have had some equitable or collateral interest under 
a contract, but, whatever it had, the deed evidently closed the ques- 
tion. 

The Clay Company’s counsel cross-examined Mr. Hubbard with 
relation to Mr. Thomas Sanders. The testimony was (Clay, 105) : 

** Cross-Int. 23. What relation had Mr. Sanders with Mr. Bell? 

‘* Ans. Mr. Sanders and Gardiner G. Hubbard furnished the means to 
enable Mr. Bell to pursue his experiments and work in telephonic and tele- 
graphic invention. 

‘* Oross-Int. 24. What was Mr. Bell’s interest in the association? 

“Ans. Mr. Bell, Mr. Hubbard, and Mr. Sanders owned the inventions and 
patents in equal third parts. The majority of Mr. Bell’s interest in the associ- 
ation was, in accordance with a previous arrangement, given to his wife, Mahel 
G. Bell. 

‘* Cross-Int. 25. Were these one-third interests held by the three persons 
whom you have named, severally or jointly? 

‘Ans. They were held jointly, until they took the form of shares in this 
association. Then they were divided according to the respective interests. 
This was Aug. 1, 1877. 

‘* Cyoss-Int. 26. Please give me the allotment of shares made at that time. 


‘Ans. MabelG. Bell. ' ; : ’ , :; , . 1,497 
Alexander Graham Bell . ; , : ; , 10 
Thomas A. Watson . , , , . , ~ 499 
Thomas Sanders , , ‘ . 1497 
Gertrude Mc, Hubbard . ; , ; ; ' 100 
Gardiner G. Hubbard ; , ' . lL 2a 
Charles Eustis Hubbard . , : 10 


5,000 ” 

That is a statement, not that Mr. Sanders had any legal interest 
in the padents, but that he had an equitable interest, represented by 
shares in the association. At the argument, the Clay Company 
insisted that Mr. Hubbard’s statements on cross-examination legally 
proved that Mr. Sanders had a legal interest in the patents; and, 
therefore, the Bell Company only owned two thirds of them, to 
which several replies were made: 

Fivst. That no suggestion of that sort was made in the answer 
or the testimony, and the testimony referred to only showed an 
equitable interest in the association, which held an eguztable interest 
under the deed of the entire legal title to Hubbard as trustee for 


them : 


AS TO TITLE. 5 


Second. That the assignment of that legal title by Hubbard, 
Trustee, to the Bell Telephone Company was made in pursuance of 
a vote of the association, in favor of which there voted every one 
present at the meeting, to wit, the owners of 4,990 out of 5,000 
shares, the only person absent being Mr. A. G. Bell; that Mr. 
Sanders was present, voted that the transfer should be made, and 
himself moved the vote directing the trustee to make the assignment. 
That of course vested the /eyal title which is all that is material, and 
cut off any possible equities. 

That there might be no possible question about the fact, the com- 
plainants then asked and obtained leave to prove and offered in evi- 
dence a release from Sanders to the American Bell Telephone Com- 
pany of all his right, title, and interest in the patent, dated June 21, 
1880. The Court allowed that for whatever it might be worth, say- 
ing, however, “the legal title all appears here [7. e. in the Bell Com- 
pany] upon the record, so far as Mr. Sanders is concerned.” 

That these deeds, if necessary, could be proved as exhibits at the 
hearing is well settled. “Deeds, bonds . .. of which proof must 
be made of the handwriting of the persons writing or executing the 
same, are all considered as exhibits, and may be proved at the hear- 
ing.” 2 Daniel’s Chancery Practice, 5th edition, 882; Wesmith v. 
Calvert, 1 Wood & M. 34; Dale v. Roosevelt, 6 Johns Ch. 255; 
Sloate v. Penim, 4 Sim. 101, 110. 

The objection was not well taken, because the objection that other 
parties ought to be plaintiffs, the plaintiff on the record having some 
aliquot part of the title, ought to be specifically taken by answer, 
pointing out who are the parties that ought to be joined, to the end 
that the complainant may join them. Story’s Equity Pleadings, 
238. 1 Daniel’s Ch. Pr., 289; Greenleaf v. Queen. 1 Pet. 149. 

Construction of the deed. The Clay Company also made the ob- 
jection at the hearing, but never before, that the deed from Mr. 
Bell to Hubbard, trustee, of July, 1877, did not convey the patent. 
The language of the deed is, that whereas Mr. Bell obtained the 
patents, etc. 

‘‘T have assigned, sold and set over, and by these presents do assign, sell, 
and set over unto the said Gardiner G. Hubbard, trustee, all the right, title 


and interest I have in the above-described invention, as secured to me by Let- 
ters Patent, for, to, and in the United States and Territories, and in no other 
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place or places. The same to be held and enjoyed by the said Gardiner G. Hub- 
bard. trustee. for his own use and behoof, and for the use and behoof of his 
legal representatives, to the full end of the term for which said Letters were 
cranted, as fully and entirely asthe same would have been held and enjoyed by 


me had this assignment and sale not been made.” 


The objection taken was that it was an assignment of all Mr. 
Bell’s right, title and interest, and did not in terms assert that he 
had any. 

His assertion that he hada title would not affect the question 
whether he had. If he had one he conveyed it; if he had not, his 
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false assertion would not have helped it. It so happens, however, 


that the language of this deed is copied from some deeds which have 
been construed by this Court as conveying a good legal title to a 
patent, tadlroad v. Trimble, 10 Wall. 368, 379, approved and 


followed in Flendrie v. Sayles, 98 U.S. 553. Precisely this lan- 


ouage Was there held to convey the title to the patents. 


INCORPORATION OF THE AMERICAN BELL TELEPHONE COMPANY. 


The Clay Company object that it does not appear that the com- 


plainant’s corporation, the American Bell Telephone Company, was 


incorporated. The evidence consists of a duly certified special act 
of the Legislature of Massachusetts, authorizing Messrs. Bell, 
Forbes, Sanders, and others named, to organize themselves into a 
corporation, under the general laws of Massachusetts, for the pur- 
pose of making and using telephones and carrying on business under 
telephonic patents, etc., with a capital of 310,000,000, and with the 
: rights given bythe General Statutes of Massachusetts. The General 
Statutes authorized persous to organize themselves into a corpora- 
tion for manufacturing and other similar purposes, and for the.trans- 
mission of intelligence by electricity, but it limited the capital to 


$1,000,000. This special act authorized these persons to organize 


under the same general laws, and increased the limit in their case to 
$10,000,000, and specified some additional powers. It was, in effect, 
pro tanto an amendment of the general law. This is followed by a 
certificate under the statute by the Secretary of the Commonwealth 
of Massachusetts, under the broad seal, stating that the organization 


papers were duly executed and lodged in the office, and further stat- 
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ine that, under the statute of Massachusetts, such a certificate under 
the seal of the State is conclusive evidence of the organization, having 
“ the force and effect of a special charter.” 

The objection taken is, that the corporation has no name, and has 
no right to assume “American Sell Telephone Company” as its 
name; and the ground is, that the Act does not say that such shall 
or may be its name. To this there are two answers: 

First. The general law under which they are to become associ- 
ated authorizes the incorporators to assume any name they see fit, 
and the certificate of the corporation says that they have associated 
themselves to become, and are made, “an existing corporation under 
the name of the American Bell Telephone Company.” 

Second. Although the Act, ir zs body, does not in terms say 
that such shall be their name, it authorizes them to take any name 
they please, unless specially restrained, because such are the terms 
of the general law. The Act itself is entitled “ An Act to incorpor- 
ate the American Bell Telephone Company.” They certainly, there- 
fore, had the right to take that name. ‘They had no right to take 
any other. 

The defendants cited an authority which they said determined that 
the title of the act is not part of the act. There is no such authority. 
The case referred to— Hatton v. Collector, 5 Wall., 110,— decided 
on the contrary that the title was part of the act; but, that if explicdt 
statements in the body of the act contravened general conclusions 
which might be drawn from the mere phraseology of the title, 
the specific statements were to prevail. No such contradiction here 
exists. 

The Clay Company also objected that the “ Bell Telephone Com- 
pany,” one of the mesne assignees, was not proved to have been a 
corporation. No such objection was taken in the answer or on the 
record, and therefore it cannot be taken at the hearing. The bill 
alleged that one of the assignments was, “unto the Bell Telephone 
Company, a corporation under the laws of the Commonwealth of 
Massachusetts,” and that that company assigned it unto the ‘* Ameri- 
can Bell Telephone Company,” another corporation existing under 
the laws of Massachusetts. That latter company was a complainant ; 
the “Bell Telephone Company” was not. The defendants’ answer 
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said that it did not know whether the complainant was a corpora 
tion, but it did not expressly nor impliedly deny the incorporation of 
the intervening companies. 

The only testimony on the subject is the statement in the deposi- 
tion of Mr. Hubbard, clerk of the corporation. THe was called as a 
witness and examined, with the minutes and records of the corpora- 
tion in his hands. In one of his answers he said: 

‘The Bell Telephone Company, to whom the said Gardiner G. Hubbard, 
trustee, made an assignment dated July 20, 1878, and which made an assign- 
ment to the American Bell Telephone Company, dated June 22,1880, is a legal 
corporation, fully incorporated under the laws of Massachusetts.”’ 

That is not the best possible evidence, but it is competent evidence 
until objected to, and as it was made by a clerk of the corporation, 
with the records in his hands, it is of course morally conclusive as to 
the fact. 

Those deeds were then offered, and the defendants who had not 
denied the incorporation in their answer here again made no objec- 
tion either to the deeds themselves or to the minutes of the corporation, 
nor to the statement that it was a corporation. Itthey had made the 
objection, a copy of the charter could have been produced. To 
omit to take the objection, is, therefore, to waive it. urton v. 
Driggs, 20 Wall. 183; Doanev. Glenn, 21 Wall. 25. The charter 


is a public document, and they could have proved it. 


tA 


It was objected that the “ Bell Telephone Company of Philadel- 
phia,” a co-complainant had not sufliciently proved its title. That 
is of no consequence. The Bell Company owns the legal title and 
makes and furnishes to the Philadelphia Company all its instruments 
on a continuing yearly royalty. An infringement in Philadelphia is 
an injury to the American bell Telephone Company, and will entitle 
it to nominal damages which was all that was here insisted on, an 
account being waived to facilitate an appeal. 

It was objected that the American Bell Telephone Company was 
not licensed to carry on business in Pennsylvania under the Penn- 
sylvania Statutes. It does not carry on business except in Massa- 
chusetts. This has recently been settled by Jackson J. in Ohio. 


There was no evidence in the Clay case tending to show the contrary. 
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JOINDER OF DEFENDANTS. 


The billalleged that the defendant corporation, and the individual 
defendants jointly infringed. The individual defendants answered 
that they had not endivedually made telephones, but were directors 
and officers of the defendant corporation. They admitted their par- 
ticipation in the infringing acts of the corporation as directors and 
managers, but said (in answers signed only by their counsel, and 
not by themselves, and not sworn to) that they did not know that 


they infringed. The repeated decisions, and the statements in their 


own patents and advertisements, however, showed that what they did 


was Claimed by the Bell Company, and held by the Court to be an 
infringement. 

The proof was, that the individual defendants formed a corpora- 
tion for the purpose expressed in the articles, of buying Mr. Clay’s 
patents for improvements in telephones, and making, furnishing, 
ete., “ Clay” telephones, and for no other purpose (Clay, 189). 

In an advertisement signed by the individual defendants as direc- 
tors, etc., they say: 

"The Board of Directors is composed of active and well-known 
bu-iness men of Philadelphia, who have invested their money in the 
enterprise, and their names are sufficient guarantee that the business 
will be pushed with energy and vigor.” 

It was so “ pushed.” 


gainst those who 


The complainants have a right to an cnjunction a 
organized a corporation to infringe, became its managers, as such, 
“pushed” the infringement “with energy and vigor,” in order to 
share the profits thereof, and advertised that they were doing so. 
It is not necessary tu consider the question of responsibility for dam- 


ages, because the decree was for a nominal sum only. 


THe ErFrect oF THE ENGLIsH BELL PATENT ON BELL’s SECOND 
AMERICAN PATENT. 

The first United States Patent, No. 174,465, was granted March 
7, 1876. No application was filed in England for any patent what- 
ever by Mr. Bell until December 9, 1876. The English patent granted 
on that application, therefore, cannot under the statute affect the 
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first and former patent: and it is not so pretended. The contention 
is, that the inventions of the second Bell patent, No. 186,787, of Jan- 
uary 30, 1877, were covered by an English patent granted before the 
American patent, and therefore that the duration of the United 
States patent was limited to expire, either with the English patent 


or seventeen years from the granting of the English patent; and 


next, that as the Commissioner of Patents did not express that limi- 
tation on the face of the patent, it was ipso facto void. 

To this, the #rs¢t answer is, that if the law makes it to expire a 
certain time after the grant of the English patent, it will be dead 
after that time; but that time is far distant, and the patent is there- 
fore alive. No statute makes it necessary for the Commissioner to 
express the limitation, and he cannot prolong the United States patent 
by failing to express it. His expression of it, or failure to express 
it, is of no legal value, and therefore in law immaterial. 


Second, no such defence is taken in the Clay answer. 


Third, the legal detence so taken depends on the allegation of 


fact contained in the Clay Company’s brief, that the inventions were 
patented in England December 9, 1876, and patented in the United 
States January 30, 1877, and therefore that they were first patented 
in England. That is entirely untrue. The specification of the Kng- 
lish patent was not filed in England until June 9, 1877, and therefore 
the patent did not issue until after that (Clay, 241). 

The facts are, that a provisional specification, which in England is 
in the nature of a petition, was filed in the English Patent Office De- 
cember 9,1876. The United States Patent issued January 30, 1877. 
The final specification was filed in the Patent Office in England 
June 9, 1577, and the English patent did not exist, either in fact or 
in law, until then. In the annexed brief, which was used in the court 
below, we have shown by the united concurrence of all the United 
States authorities and by all the English authorities, that the inven- 
tion is not “patented” in England until the specification is filed 
and the patent is issued. This Court decided that in O’Rezlly v. 
Morse, and that rule has always been followed since. 

The contention of the Clay Company is a sufficient demonstration 
of this. ‘They insist that on January 30, 1877, the United States 


Commissioner of Patents should, in the Bell patent issued on that 
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day, have stated that the inventions were patented in England. No 
English patent existed at that time, and whether any one ever would 
exist would depend on a judicial determination of the English Patent 
Office authorities thereafter to be made, partly on a petition then 
pending and partly on a“ complete” specification, which not only 
had not then been filed, but did not then exist 
We refer the court to the annexed brief for a full collection of all 

the facts and authorities, particularly for a fuller statement of the 
practice of the English patent law, as derived from a verified copy of 
all the proceedings in this case in the English Patent Office, than has 
ever been furnished in any litigation in this country; together with 
the English authorities as to the time when an ifvention becomes 
“ patented,” even under the English law. 
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Circuit Court of the Cited States 


EASTERN DISTRICT OF PENNSYLVANIA, 


IN EQUITY. 


AMERICAN BeLt TELEPHONE Co. ET AL. 
v. 


CLAY CoMMERCIAL TELEPHONE Co. ET AL. 


SUPPLEMENTAL BRIEF FOR COMPLAINANTS. 


Does Morgan-Browws English patent 4,765, on inventions com- 
municated to him by Mr. Bell, have any effect on Mr. Lell’s patent 

86,787 of Jan. 5 877, for mprovements tin telephone ap- 
186,787 Ju 0, 1877, for rovement teleph 7 
paratus ? 

This contention is confined to Mr. Bell’s second patent, which is 
for mechanical improvements in the speaking telephone apparatus of 
his earlier patent, and does not touch his first patent. 

The defendants in their answer aver among other things : — 

“That substantial and material parts of the things described and 
claimed in the said Letters Patent of Jan. 30, 1877, No. 186,787, 
were described and claimed in prior foreign Letters Patent, taken 
out by and for the said Bell, and in his behalf, in the city of Lon- 
don, in England, which said Jast-mentioned foreign Letters Patent 
bear date on or about the ninth day of December, A. D. 1876; and 
that, inasmuch as said subsequent Letters Patent of the United 
States, numbered 186,787, do not bear even date with the said 
foreign Letters Patent, and are not limited to expire therewith; the 
said last-mentioned Letters Patent of the United States were and 
are therefore null and void.” ~ 

The United States statute referred to is as follows : — 


R. S. 4887. “No person shall be debarred from receiving a 
patent for his invention or discovery, nor shall any patent be de- 
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clared invalid by reason of its having been first patented, or caused 
to be patented, in a foreign country, unless the same has been intro- 
duced into public use in the United States for more than two years 
prior to the application. But every patent granted for an Invention 
which has been previously patented in a foreign country shall be so 
limited as to expire at the same time with the foreign patent; or, If 
there be more than one, at the same time with the one having the 
shortest term, and in no ease shall it be in force more than seventeen 
years.” 

It is not alleged that the English patent has expired. On the 
contrary, the answer assumes, and the fact is, that it will not expire 
until Dec. 9, 1890. It is not material for the purposes of this case 
whether Mr. Bell’s second U. S. patent sued on expires Dee. 9, 
1890, or seventeen years from Jan. 380, 1877. The ground taken 
by the answer is (and nothing short of this will make a defence) : — 

1. ‘That the case is within R. S. 4887. 

2. That the meaning and effect of R. S. 4887 is that the U. 5. 
Commissioner of Patents was bound to know and to express on the 
face of Mr. Bell’s second U.S. patent before he signed it, on Jan. 
30, 1877, the date when Mr. Bell’s English patent would expire, and 
to declare that the U. 8. patent expired on the day so named. 

In other words, the inquiries are : — 

1. Was any part of the invention patented by Mr. Bell's 
United States patent of Jan. 50, 1877 (to use the language of the 
statute) “patented” in a foreign country previous to the grant of 
the United States patent; that is, before Jan. 30, 1877? 

2. Or, to use the lancunge of the answer, chosen, we think, with 
acute legal skill to express exactly what the law requires the defend- 
ants to prove, was any part of that invention, or if so, what part, 
“described and claimed” in any English patent “taken out in his 
behalf” before Jan. 30, 1877 ? 


If the first inquiry be answered in favor of the complainants, then 


the defence fails. If answered in favor of the defendants, then they 
must further establish that the failure to «xoress on the face of the 
United States patent the expiration of such an English patent as 
the preceding inquiry calls for, makes the United States patent 
“null and void,” ab ctnitio. 


This invokes another inquiry :— 
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3. Whether the United States Commissioner of Patents could, 
in fact, or by contemplation of law, know or learn on Jan. 30, 1877 
— perhaps ask whether Mr. Bell could then inform him — whether 
any English patent touching the subject matter existed, and if so, 
how much of the invention of the United States patent of Jan. 30, 
1877, such English patent covered, and when it would expire ? 

For if this could not be known, it could not be expressed on the 
face of the United States patent. 

Upon these inquiries every reported decision in the United States 
is In favor of the complainants. 

This case differs from any ever presented before, in very impor- 
tant features. For the first time, so far as we are aware, the Court 
called upon to consider the matter has before it full copies of all the 
records of the English Patent Office relating to the English patent, 
together with the English statutes under which the proceedings 
were taken, and the English decisions, explaining their meaning, 


and illustrating the course of procedure under them. These new 


facts put beyond the pale of discussion many matters which in 


former cases have been the subject of mere conjecture or argument, 
or have been entirely misapprehended, for want of this proper proof. 
DaTE WHEN Mr. BELL’s SECOND IMPROVEMENTS, OR SOME OF 
THEM, WERE PATENTED IN ENGLAND BY PATENT 4,765, GRANTED 
TO WintittaAM MorGan-Brown, AS THAT DATE IS FIXED BY THE 
ENGLISH LAW AND COURSE OF PROCEDURE. 


It was granted under the English statute of 1852 (15 and 16 
Vict., ¢. 83). 
act, are briefly and in substance as follows : — 

A petition is filed (£5 stamps), accompanied (in the course 
adopted in this case and that usually followed) by a paper called the 
* provisional” specification (§ 6), which is required to set forth in 


The proceedings, which were as prescribed by that 


general terms the general nature of the invention; but a full and 
technically sufficient description, with suitable claims, called the 
“complete” specification, must be filed at or shortly after the grant 
of the patent. | 

Under the old statute (21 Jac. I., c. 3), still in force (quoted p 8, 
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mnjfra), any use or publication, even by the inventor himself, before 
his patent actually issued, would prevent it from issuing or destroy 
its validity. Act 1852 provides that if the proper officer finds the 
application proper in form and on its face, as an application, and so 
certifies and publicly advertises its pendency, the crown may there- 
after, if dt sees fit, grant the patent, notwithstanding some interme- 
diate use or publication. But it does not always do so. (See p. 6 
and p. 22, infra.) The proceedings in England had advanced to the 
point of this advertisement before the United States patent (of 
Jan. 30, 1877) issued, but the case had then gone no further. 

Afier the United States patent issued, the English applicant took 
the next step, which is in effect a motion that a patent be granted 
(“notice of intention to proceed”), and upon this he paid a new fee 
of £5. This motion is advertised (Feb. 13, 1877).  There- 
upon the case went before the Attorney-General (March 8-12), and 
afterwards (May 15, 1877) before the Lord Chancellor. Any one 
is at liberty to oppose before either officer, and upon such hearing, 
evidence may be offered and counsel heard. If, on these hearings 
(some of those before the Chancellor are reported in the regular 
reports), the determination is favorable to the applicant, the patent 
is thereafter prepared, “sealed” and delivered to the patentee, who 
pays £10 more. Shortly thereafter the patentee, paying another 
£5, files for the first time a “complete specification ” (June 9, 
1877), which contains his “claims,” and this for the first time defines 
what is patented. This is at once made public. All the papers, 
including the provisional specification, are kept secret up to that 
time. 

Then and then only has it been determined whether the applicant 
shall have a patent or not, and what its scope shall be. The great 
seal is not merely the evidence of his right; the affixing of the seal 
creates the right. The will of the sovereign tw by the express terms 
of the statute, and according to the decisions kept in abeyance until 
that physical act is performed. Then only does the invention be- 
come clothed with a monopoly. After that only can the party bring 
a suit. The monopoly did not exist before that. It was not before 
taht even determined whether it everwould exist, nor what its scope 


siould be, nor when it should begin, norwhen expire. It will not 
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even retrospectively exist as of any instant before that. He can never 
complain of any use made of his invention before the day when his 
patent is sealed, —a day described in terms by the statute as the 
day when it is “actualy granted.” Before that he is a suppliant ; 
after it he is a monopolist. Up to that day be has not, nor is it 


determined that he ever will have, any rights as against the 


public. 
Such are the express provisions of the statute, and the rules laid 


down by the English authorities in construing it. 


‘* Provisional Protection” and * Antedating.” 

The theory of the English law is that a patent is a grant by the 
crown out of its royal prerogative. No statute has required the 
crown to grant a patent in any case; all that Parliament has done 
has been to forbid the exercise of this power in certain cases, and 
prescribe the forms for its exercise in others. The Statute of Mo- 
nopolies (21 Jac. I., c. 3), forbidding many monopolies, left with 
the crown certain power with respect to manufactures new “at the 
time of making such Letters Patents and grants,” and this statute, 
modified as presently to be stated, was in foree in 1876-7. When 
a somewhat formal mode of procedure was adopted, one difficulty 
was that if the invention became known to the public between the 
day of the application and the day for the actual grant, no power 
remained in the crown to grant a valid patent. 

To relieve the crown from this lack of power, the act of 1852 
provided that as soon as an application with a provisional specifica- 
tion was filed, the proper officer, if he found it correct @s an appli- 
cation, should so certify and publicly advertise its pendency. Where 
this had been done, the crown, if it should thereafter grant a patent, 
might also, if it should see fit, antedate it to the day of the application. 
If it should antedate it, which it was not obliged to do, and which, in 


ee 


fact, it has in many reported cases refused to do, the “ validity and 
force ” of the patent should be determined as if it had been actually 
granted on that day. But no other effect follows, for by the express 
terms of the act, the monopoly shall only exist from the day when 


ee 


the patent is “sealed,” which the statute, in the same section, de- 


scribes in terms as the day on which it is “actually granted,” and no 
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use of the invention before that day, so the statute enacts, can be 
complained of as an infringement. Under this very section, there- 


fore, and to give effect to it, the courts, in suits ¢nter partes and 


enforcing rights under the patent, must ascertain the day of 


sealing, and treat that as the day on which the patent is “actually 
granted.” <A similar duty is imposed on the courts under § 20, 
which provides that the patent shall be void “unless the same be 
actually granted during the continuance of the provisional protection 
under this act,” and a similar duty is imposed under Act 18 Hen. 
VI., ce. 1, referred to in the very section (23) which permits a 
certain authority. The “provisional protection” is clearly, there- 
fore, not the “grant of a patent,” and the date of the patent is 
neither conclusive nor prima fucie evidence, therefore, of the time 
of the grant. (See the text, pp. 17-19, znfra.) 

This provision, the first step in which (the preliminary certificate 
and advertisement) is what is called “ provisional protection,” gives 
the applicant no right to a patent and no rights whatever against the 
public, but simply so far relieves the crown from the absolute pro- 
hibition. of 21 Jac. I. But it leaves the crown free to do as it 
pleases, when the time comes for affixing the great seal, and the 
patent is sometimes antedated and sometimes not. This is deter- 
mined at the time of sealing, after public notice and hearing oppo- 
sition, if any. 

Stat. 21 Jac. I. (p. 8, infra) provides also that the pitent shall 
not run for more than fourteen years “from the date” of the Letters 
Patent; it may run for less, if the crown sees fit. This “date” is 
not determined until the final hearings before the Attorney-General, 
and before the Lord Chancellor. 

The provisional specification and provisional protection together 
somewhat correspond to — substantially are of no greater effect 
than — a caveat, and our statute allowing two years’ public use be- 
fore patent. They do not require the careful description needed in 
a patent. They do not insure a patent; they require further 
steps, — the real request for a patent (“notice of intention to pro- 
ceed”), the payment of more and larger fees, inquiries whether a 
patent ought to issue, and the judiciel determination thereof, possibly 


involving a severe public contest, and a determination when the 
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patent shall be dated, when it shall begin, and when it shall expire. 
The preliminary proceedings—the “ provisional specification ” and 
“provisional protection ”—in England do not insure a patent, nor 
even start the inquiry on the merits whether one shall be granted. 
They merely prevent certain public use from destroying it, if it shall 
thereafter be granted. 

The first steps calling for the hearings at which was to be deter- 
mined whether a patent should issue, and if so, what inventions it 
should include, what should be its date, and when it should expire, 
and the advertisements of them, and the payments (£10), did not 
take place until more than a month after the United States patent 
had issued. 

The facts, therefore, are that, on Jan. 30, 1877, when Mr. Bell 
received his United States patent 186,787, Morgan-Brown, the Eng- 
lish applicant, was not clothed either with the monopoly which it is 
the object of the patent law to grant, and which makes the invention 
“patented,” nor did the document which alone authenticates those 
rights, the Letters “Patent,” exist. Whether such rights and 
such paper ever would exist, and if so, what their scope would be, on 
what day they would begin, and on what day they would expire, 
what inventions would be “patented,” or, in the language of th’s 
answer, be “described and claimed ” in the grant not then decided 
upon, remained to be judicially determined. The only thing certain 
on Jan. 30, 1877, was that ‘hen no such rights existed, and that under 
the law they could not, in respect of that day, even retrospectively 
be created. Every man in England could use the invention on that 
day, and could never be called to account for such use. And how 
could any man, on Jan. 30, 1877, state in the United States patent 
what the future would bring forth in England touching the matters 
referred to? 

If the crown thereafter, issuing a patent, should choose to antedate 
it, that would only be a form of procedure and a legal fiction 
adopted to relieve the crown in part from the restrictive prohibition 
of the old statute ; and whether the crown would please to avail of it 
or not, had not been determined when the United States patent issued. 
It can, therefore, have no effect on the rights conferred by the United 


States patent. 
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We have certified copies of the English patent files, and will now 
state in detail those proceedings, the language of the statutes under 
which they were taken, and of the courts and the highest authority 
in the Patent Office (the Lord Chancellor administering the great 


sexl), construing those statutes. 


Details of the English proceedings and statutes. 


Certain differences of theory between the grant of patents in the 
United States and the grant of patents in England color the whole 
course of procedure in the latter country, and give meaning to its 
rarious steps. 

In England no statute gives a right to a patent. In theory of law, 
the grant is of the royal prerogative and of the mere royal pleasure 
(v.p.9, infra). All that the statutes have done, in form or in terms, 
is to /émit the royal power, and declare the forms which shall be fol- 
lowed in respect of its exercise. The controlling statute (incor- 
porated into the later statutes by reference) is the Statute of Mo- 
nopolies (21 Jac., I. c. 3), which, abolishing all monopolies, saves 
patents hereafter to be issued and not to exceed a certain term, if 
they come within certain defined exceptions. 

Stat. 21 Jac. I., c. 3, sect. 6, is: “ Provided also, and be it de- 
clared and enacted that any declaration before mentioned shall not 
extend to any Letters Patents and grants of privilege for the term 
of fourteen years or under, hereatter to be made, of the sole working 
ov making of any manner of new manufactures within this realm, to 
the true and jirst inventor or inventors of such manufactures, which 
others, aft the time of making such Letters Patents and grants, shall 
not use; . . . the said fourteen years to be accompted from the date 
of the first Letters Patents or grant of such privilege hereafter to be 
made, but that the same shall be of such force as they should be of 
this act had never been made, and of none other. 

The subsequent acts, particularly that of 1852, under which patent 
4,765 was issued, somewhat modify these limitations on the exer- 

cise of the royal prerogative, but give no other authority for the 
grant of patents for inventions, which still owe their force to the great 
seal affixed py the Lord Chancellor as the keeper thereof. Thus 
Act 1852, § 55, says : — 

“The expression ‘invention’ shall mean any manner of new manu- 
facture the subject of Letters Patent and rant of privilege within 
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the meaning of the Act of the twenty-first year of the reign of King 
James the First, chapter three.” 


st. 21 Jac. I. provides that the unforbidden grants “shall be of 
such foree as they should be if this Act had never been made, and 
of none other 


The form of the clauses of Act 1852, which especially touch the 
granting power, is, “it shall be lawful” (e. ¢7., §§ 14, 15, 16, 18, 
23); while § 16 in terms provides that her Majesty may of her 
own prerogative refuse to grant Letters Patent in any particular 
case, or may insert therein restrictions, conditions or provisos other 


than those named in the Act. 


Sect. 16. “Provided, also, that nothing herein contained shall 
extend to abridge or affect the prerogative of the crown in relation 
to the granting or withholding the grant of any Letters Patent ; and 
it shall be lawful for her M: ajesty, by warrant under her roy: al sign 
manual, to direct such law officer to withhold such warrant as afore- 
said, or that any Letters Patent for the issuing whereof he may have 
issued a warrant as aforesaid, shall not issue, or to direct the inser- 
tion in any Letters Patent to be issued in manner herein provided, 
of any restrictions, conditions, or provisos which her Majesty may 
think fit, in addition to or in substitution for any restrictions, con- 
ditions or provisos which would otherwise be inserted therein under 
this act; and it shall be lawful for her Majesty, by like warrant, to 
direct any complete specification which may have been filed under 
the provisions hereinbefore contained, and in respect of the inven- 
tion described, in which no Letters Patent may have been granted, 
to be cancelled, and thereupon the protection obtained by the filing 
of such complete specification shall cease.” 

Strong words. Doubtless Parliament hoped that the royal will 
would generally be pleased to follow the accustomed course of pro- 
cedure ; but it is to be a will not bound by fixed rules ; not adminis- 
tering a statute as a court does. As matter of law, its action can- 
not be predicted; it can only be known from the thing actually 
done. 

Feather v. The Queen, 6 B. & S. 257; Goodeve, 191 (1865). 
Per Cocksurn, C. J. “The statute of James was only declaratory 
of the common law, and then grants of monopoly in respect of inven- 


tions are not by force of the st: atute, but by virtue of the prerogative.” 


«eo ene grant of the patent is simply an exercise of the pre- 


rogativ e.” 
See also pp. 23-6, mfra. 
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The invention is not patented until the crown determines to ex- 
ercise its prerogative, and to grant the monopoly. When was that 
in this case? 

The old statute (21 Jac. I.), still in force, forbade the crown to 
give a patent if the invention was known to the public at the in- 
stant of “making” the grant. This was held by the English courts 
to mean that no valid patent could issue for an invention which had 
been previously used in public, or described in a printed publication 
accessible to the public, even though the use or publication were de- 
rived from the applicant and true inventor. Wood v. Arunmer, 
1 Webs. 44, n.; Zluddart v. Grimshaw, 1 Webs. 85, 86; Losh v. 
Flaque, 1 Webs. 200, 205; #iliott v. Aston, 1 Webs. 222-4; 
Cornish v. Weene, 1 Webs. 501, 509, 519; Carpenter v. Sinith, 
1 Webs. 530, 534, 540, 543; Flousehill Co. v. Neilson, 1 Webs. 
673, 708, 710. 

The new statute modified this, by providing that under certain 
circumstances the crown might antedate the patent, but only with a 
certain limited effect, to wit, that as regards the effect of public 
knowledge, the date so given should be taken as the date of 
“making.” The patent later in date, if two describe the same 
thing, is void from the mere existence of the former, because 
“Letters Patent” are a publication, though the later patentee be, 
and the earljer be not, the true and first inventor. The date, 
therefore, has for English purposes a meaning and importance quite 
other than any given to it under the United States law, and there is 
thus a reason for antedating in England which our law does not 
afford. 

The proceedings in detail. 

The English Patent Office is required by law to keep a “ register” 
or docket of all proceedings in the matter of the grant of each patent. 
We have a certified and authenticated copy of the “register” for 
patent 4,765, and certified and authenticated copies of the papers 
filed and orders made. With these and with the statute, it is easy to 
determine when the invention in question was “ patented.” 

The copy of the register is marked “ Lehihit L.” 

The proceedings were under the Act of 1852, and were all taken 


by, and the patent issued to, William Morgan-Brown, who described 


enn: 
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a the invention as 
4 Graham Bell.” 


“9th Dec., 1876.” First papers filed consisting of 
(1) Petition (Exhibit A). 
(2) Declaration (Exhibit B). 
(3) Provisional specification (Exhibit). 
(Stamp duty £5. See § 6.) 


‘a communication to him from abroad by Alexander 


These papers, on filing, received anumber (4,765), which all sub- 
sequent papers, including the patent, bear. 

Dec. 13, 1876, an order is written on the petition, as follows :— 

“13th Dec., 1876. Her Majesty is pleased to refer this Petition to 
Her Majesty’s Attorney-General, to consider what may be properly 
done therein.” 

By sects. 7, 8, itis the duty of the law officer at this stage to 
ascertain whether the papers are proper in form to constitute a good 
application; not whether a patent ought to be granted. The lan- 
guage of the statute is :— 

“And if such law officer be satisfied that the provisional specifica- 
tion describes the nature of the invention,* he shall allow the same, 
and give a certificate of his allowance.” 

He can also allow amendments to meet objections which he raises. 

The next entry on the register is : — 

“27th December. Certificate of Attorney-General allowing pro- 
visional protection with new declaration added, received, filed, and 
certificate thereof given.” 

The new declaration is C. The order of the Attorney General is 


as follows (c. ¢c.) :— 


" “ Whereas, the declaration and the petition are insufficient, I 
hi hereby allow the same to be amended by adding to the documents 
24 the new declaration marked “ A,” annexed hereto, and correcting the 
: petition in accordance therewith, to which amendments I have placed 
my initials. 
“JOHN HOLKER. 
; * 93d December, 1876.” 
te Thereupon, the Commissioners issue a “ Certificate of Provisional 


Protection” (D), and the next entry is under § 11 :— 


* For the meaning of this phrase, see the decisions, pp. 27-8, infra. 
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“Sth January, - Provisional protection advertised in 
Gazette.” 


‘Provisional Protection,” — what it means. 


The phrase “ provisional protection ” does not mean that the in- 
vention is even provisionally or incipiently clothed with the monopoly 
which it is the object of the patent law to give, and waich Is sigafied 
by the word “ patented.” It has a special and peculiar sigaificance. 
The provision which has already been explhiuned (p. 5, supra) rests 
for its ultimate and indeed sole effect upon.two steps, which provide 
that the pendency of the application shall be advertised, and that, 
in respect of applicants who have so advertised, the restriction of 
21 Jac. I. is lifted from the sovereign as to inventions unpublished 
at the time of the application, and then, leavine the will of the 
sovereign entirely untrammelled, point out by what form of procedure 
the royal conscience shall be enlightened and the royal will mani- 
fested. 

The first step is chiefly reeulated by § 8, part of which has been 
quoted, and which provides that, after the certificate of the Attorney- 
General : — 

“Thereupon the invention therein referred to may, during the 
term of six months from the date of the application for Letters 
Patent for the said invention, be used and published without preju- 
dice to any Letters Patent to be granted for the same, and such pro- 
tection from the consequences of use and publication is herematter 
referred to as provisional protection.” 

That is, without prejudice to Letters Patent, if any shall be 


cranted, — “to be granted,” —in the future. 


The statute thus again expressly recognizes the fact that after the 


“provisional protection” has been obtained and advertised, and 
before any other steps have been taken, the patent still is “to be” 
granted. It does not then exist, either in fact, or in contemplation 
of law. 

In other words, the certificate of provisional protection and the 
proceedings up to that time give to the applicant a status less strong 
than that acquired in the United States by the mere filing of an 


4 


application. In the fulness required, and the incompleteness per- 


mitted in the specification, as well as in the legal effect of the pro- 


| 
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ceedings, they substantially agree with what is required of and 
gained from a caveat and from the statutes allowing two years’ use 
vefore application. It neither gives nor insures a patent; but 
it puts the party in a better position to obtain one as against inter- 
mediate invention or use by others, and may save the validity of a 
patent, if one shall be afterwards asked for and granted (v. p. 6, 
supra). In short, in the words of the statute itself, it is a permis- 


e 


sion to him to “use and publish” it meantime without necessarily 


debarring himself from receiving a patent. For the relations be- 
tween a provisional and a complete specification, see pp. 27-9, efra. 

The force and effect of this clayse is better understood when read 
with the other provision connected with it, which will be referred 
to presently (p. 16, ifra). It has been construed in the cases 
referred to on pp. 23-5, tnfra. 

If proceedings stop here, no patent ever issues. The applicant 
must take further steps, pay further heavy fees, and two judicial 
determinations must take place to determine whether a patent shall 
Issue. | 

It was at this stage and before any further steps were taken, that 
the United States patent was actually granted and issued, San. 
30, 1877. 

The next steps are described on the register as follows : — 

“8th February. Notice to proceed received and filed, and certifi- 
cate thereof given.” [E. F.. | 

“13th February. Notice to proceed advertized in Gazelte.” 

“8th March. Petition, declaration and provisional specification 
again referred to Attorney-General.” 

Upon this a stamp duty of £5 is to be paid. 

The statute provisions upon these steps are as follows : — 

Sect. 12. After notice of intent to proceed and advertise- 
ment thereof, “any persons having an interest in opposing the evrant 
of Letters Patent for the said invention shall be at liberty to leave 
particulars in writing of their objections to the said application,” 
etc. 

Sect. 15. The papers and the objections, if any, are to be referred 
to the law officer (Attorney-General). 

This reference is endorsed upon the original petition (A), as fol- 


lows :— 
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“8th Mareh, 1877. Her Majesty is pleased again to refer this 
Petition to Her Majesty’s Attorney-General to consider what may 
be properly done therein.” 

Upon this, and after a hearing upon affidavits or other proofs, 1 
any objector appears, and respecting which he can allow costs and 
have them made a rule of Court, the law officer in the first 
instance determines whether any patent shall issue. 

Sect. 15. “It shall be lawful for such law officer, after such 
hearing, if any, as he may think fit, to cause a warrant to be made for 
the sealing of Letters Patent,” etc., ina prescribed form. 


The entries in the register are :— 

“12th Mareh. Fiat for warrant received.” 

The fiat endorsed on the petition (A) is as follows : — 

“Let a warrant be prepared for my signature upon the within Pe- 
tition limited to the United Kingdom of Great Britain and Ireland, the 
Channel Islands, and the Isle of Man. 

“ Joun HOLKER, 
“8th March, 1877.” 

The next entries are : — 

“Sth May. Warrant left with Attorney-General for signature.” 

“LOth May. Warrant received, sealed and filed.” 

The warrant (I), dated May 8, 1877, addressed to the Lord High 
Chancellor, recites briefly the proceedings, and the essential words 
are :— 

“Tam of opinion that her Majesty may grant her Royal Letters 
Patent,” ete., 
and it then sets forth in full the form of the Letters Patent (not the 
specification), for the statute (§ 15) expressly provides that the law 
officer shall in his warrant direct the insertion in the patent of such 
claims as he may deem “usual and expedient in such grants.” 

Sect. 18. “The commissioners, so soon after the sealing of the 
said warrant as required by the applicant,” who is to pay a third 
{> on the warrant, “shall cause to be prepared, Letters Patent 
for the invention,” “and it shall de Jawfiul for the Lord Chancellor to 
cause such Letters Patent to be sealed with the ereat senl of the 
United Kingdom,” for which sealing the applicant pays another £5. 

The warrant in this ease is dated May 8, 1877, and bears the en- 


dorsement : — 


“ Received the fifteenth day of May, 1877. Cairns C.” 


re 
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The seal was actually affixed on that day, and the register con- 
tains the entry : — 

“15th May. Letters Patent prepared, sealed, and dated the 9th of 
December, 1876.” 

But the sealing by the Lord Chancellor does not necessarily follow 
from the warrant, for, as representing the royal prerogative, he may 
still refuse to seal the patent, or may insert therein divers provisions, 
and may determine the date of the patent. This power is expressly 
saved by §§ 15, 16 (quoted p. 9, supra), and may be and not un- 
frequently is invoked by opponents who are thereupon heard upon 
proofs. Some reported cases of such hearings will be referred to. 

The patent, inthe sense in which we understand the word in America, 
viz., the papers upon which the inventor can bring an action, Is not 
yet complete. The Letters Patent describe the invention only by its 
title, — in this case “ Improvements in Electric Telepheny (transmit- 
ting or causing sounds for telegraphing messages ) ,” — but contain a 
provision that they shall become void unless, within a time limited, 
the patentee shall, in a paper to be filed, “ particularly describe and 
ascertain the nature of the said invention, and in what manner the 
same is to be performed.” This is to be made public, while the 
provisional specification is kept secret until some time after the 
sealing of the Letters Patent. Upon filing this “complete ” or final 


specification, the patentee pays another £5. 


The provisional specification does not show what i:vention will 
be patented. 


That only is patented which is claimed. This is the rule in 
{ngland (see cases cited, pp. 27-8, znfra), as well as withus. The 
provisional specification is not required to have claims, and in this 
vase had none. The only claims ever filed by Morgan-Brown in 
4,765 were contained in the final specification filed June 9, 1877, 
and in the amended and disclaiming specificition (a considerable 
part of what Mr. Bell had done in America having been pub'ished 
in England before Dec. 9, 1876), filed Feb. 13, 1878. How could 
this Court, sitting as of Jan. 30, 1877, say from the provisional 
specification, if it had a right to refer to it, what invention ever would 


be patented ? 


16 SUPPLEMENTAL BRIEF FOR COMPLAINANTS. 


No paper which then existed bore out the allegation, properly 
made in the answer, that any particular invention covered by any 
particular claim of the second United States patent was “ described 
and claimed,” or would be “ described and claimed ” in any patent 
even, thereafter, to be issued in Eneland. 

Indeed, that provisional specification described as new and as Mr. 
Bells invention many inventions made by him besides those cov- 
ered by his United States patent of Jan. 30,1877. It incorporated 
in its “six plans” the substance of five United States patents, in- 
cluding his great speaking telephone patent of Mareh 7, 1876. It 
turned out in the course of the proceedings that Mr. Bell’s fame reached 
Knegland so quickly that much of this was published there before 
Dec. 9, 1876, and consequently could not be patented. If the 
Commissioner or this Court could, on Jan. 30, 1877, have inspected 
all the secret files of the Enelish Patent Office, neither could have as- 


a 


certained what inventions Morgan-Brown even asked to have “ pat- 


ented”; for he had not specified —in the language of the English 


statute (v. p. 28, enfra), “ particularly described and ascertained ”— 


the invention which, in the language of JEssEL, M. R. (p. 27, 


sd 


infra), Was or was to be “comprised in the patent”; and the time 


for him to do so had not arrived 


The ante lating, —its purpose and meaning. 

One more matter is to be determined in the course of the final pro- 
ceedings already mentioned. 

The provisional protection annuls the restriction of the statute of 
monopolies so far as to permet the sovereign to grant the patent, 
although the invention be not new “at the time of making such 
Letters Patent,” if it was new at the date of application. But this 
leaves the sovereign free to act its pleasure in that regard. The 
next provision recognizes ‘that the crown may act its pleasure in 
that regard, and directs how its will and determination shall be 
manifested. 

It is manifested by dating the patent on the day when it is actu- 
ally sealed, or by antedating it as of any day not earlier than the 
filing of the application, as the crown may see fit. It will be “of the 


same force and validity as if it had been sealed on the day as of 


; 
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which it is expressed to be sealed and bear date,” but “no proceedings 


in law or in equity shall be had upon such Letters Patent in respect 
of any infringement committed before the same were actually 
granted.” See §§ 23, 24, quoted, pp. 17, 18, cfra. In other words, 
the antedating, 77 the crown does it, only saves the validity and deter- 
mines the duration of the patent. It does not clothe the patent with 
the monopoly, either actually or retrospectively, for a single instant 
before the moment when the patent is actually sealed ; in the words 


a 


of the act, before it is “actually granted.” 

The date is of an importance in Kagland which it does not have in 
this country. For if the thing be known before the “making” of the 
patent, which by statute is, for this purpose only, taken to be the date 
thereof, the patent is void, though it be granted to the original and 
first inventor (p. 10, supra). The date, therefore, in cases of opposi- 
tion from a rival applicant, becomes a matter vital to the parties. It 
may be remarked also, that no [nglish statute fixes the duration 
of a patent. The only provision is in the statute of monopolies, 
which, in the passage quoted (p. 8, supra), enacts that it shall not 
exceed fourteen years “ fromthe date of the first Letters Patent.” It 
is the date of the patent only which limits the term, and in practice 
fixes it, the form prescribed by the statute of 1852 being to grant 


* 


for “ fourteen years from the day of the date of these presents.” 
The statute (1852, 15 & 16 Vict., c. 83) is: — 


“Seer. 23. Jt shall be lawful (Act 18 Hen. VI., ¢. 1, or any 
other act to the contrary notwithstanding) to cause any Letters 
Patent to be issued in pursuance of this act, to be sealed and bear 
date as of the day of the application for the same, and, in case of 
such Letters Patent for any invention provisionally registered under 
the ‘Protection of Inventions Act, 1851, as of the day of such 
provisional registration, or where the law officer, to whom the appli- 
vation was referred, or the Lord Chancellor thinks fit and directs, 
any such Letters Patent as aforesaid may be sealed and bear date as 
of the day of the sealing of such Letters Patent, or of any other day 
between the day of such application or provisional registration and 
the day of such sealing. 

“Seer. 24. Any Letters Patent issued under this act, sealed and 
bearing date as of any day prior to the day of the actual sealing 
thereof, shall be of the same force and validity as if they had been 
sealed on the day as of which the same are expressed to be sealed 


v 
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and bear date; provided always that (save where such Letters 
Patent are granted for any invention in respect whereof a complete 
specification has been deposited upon the application for the same 
under this Act) no proceeding at law or in equity shall be had upon 
such Letters Patent in respect of any infringement committed 
before the same were actually granted.” 

Indeed, the statement on the face of the warrant for the patent, 
and on the face of the patent itself, following the form given in the 
statute, is not “sealed on Dec. 9, 1876,” but “sealed as of the said 
Dec. 9, 1876.” 

The Act 18 Hen. VI. recites the great wrongs that have been done 
by antedating patents for “ offices, terms, and other things,” whereby 
they took effect as of a time long past, against the rights of those in 
lawful enjoyment, and made that unlawful which, when done, was 
according: to law. It introduces a new feature into Enelish law. 
The old rule was that a royal grant was conclusively presumed to be 
made at the date affixed. This statute provided that when a warrant 
came to the Chancellor to affix the great seal, there should be made 


a record of the date of “ the day of the delivery of the same to him,” 


and that the Letters Patent to be sealed by him should bear date of 


that day, 

* And not before in anywise; and if any Letters Patent be from 
henceforth made to the contrary, they shall be void, frustrate, and 
holden for none.” 

From that time forward, therefore, the courts were not bound by 
the date of a patent. They looked behind that, and, if they could 
look at no other proof, they certainly could and must look at the day 
of the receipt of the warrant, as recorded under the statute, and by 
that ascertain the time of makine. 

Such a record exists here. The Patent Office is by statute the 
Chancellor’s record office for matters relating to patents, and the 
‘registry ” shows that the warrant was received May 10, 1877, in 
the Patent Office, while the record made by the Lord Chancellor 
himself, and signed with his own hand on the warrant, is :— 

“Received the fifteenth day of May, 1877. Cairns, C.” 

Earlier than that the patent cannot be dated or exist, except so 
far as Act 1852 permits, and only for such effect and purposes as it 


specifies. 
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(These matters can be found in Hindmarch on Patents, which 
relates to the old law before 1852.) 

Statute 1852 permits the antedating only to save the life of the 

English patent. It is not to retroact on rights acquired by any one 
meantime; it is not to cause the wrong which the present.law of 
Eugland (18 Hen. VI., ¢. 1) forbids, describing in its quaint 
language the evils of antedating “ grants of offices, terms and other 
things,” 
“by reason whereof, divers of the king’s lege people, having 
such offices, terms, and other things of the gift or grant of the king, 
by his gracious Letters Patent thereof to them long time before duly 
made, by such subtle imaginations of such antedates, desired by such 
petitions of such offices, terms and other things, often have been put 
out, removed and expelled against right, good conscience and 
reason.” 

Yet these defendants wish a patent, made by the Queen of 
England, on May, 15, 1877, to expel Mr. Bell from the term long 
before granted to him by American Letters Patent, and to do this by 
the “subtle imagination of antedating,” and upon the argu- 
ment, as much “against reason” as “against good conscience,” that 
the United States Commissioner should have, on Jan. 50, 1877, stated 
a fact which did not exist, anda date which had not been determined. 

We have seen that whether the patent is to be granted or not, 
is to be determined by judicial inquiries, and that these inquiries 
are open until it is actually sealed (v. cases quoted, pp. 23, 6, wfra). 
The first inquiry by the law officer in this case, made after notice to 
all the world to oppose, did not, by law, take place until after the 
“notice to proceed,” which was filed Feb. 8, 1577 (the United 
States patent being Jan. 30, 1877). In fact, it was March 8-10 


when the papers were referred to the Attorney-General. The same 


inquiry is again open before the Chancellor, up to the moment when 


the seal is afhixed. 

In the same way, upon each of these hearings, each officer defer- 
mines what date the patent shall bear; and not untfrequently it is 
ordered, sometimes by the Attorney-General, and sometimes by the 
Lord Chancellor, that the patent be dated on the day of actual sealing. 
See § 24, and the reported cases before the Lord Chancellor (pp. 


24, 6, enfra). 


20 SUPPLEMENTAL BRIEF FOR COMPLAINANTS. 


The condition of things in England when the Unit:d States Patent 
issued, 


On Jan. 30, 1877, the date of Mr. Bell’s United States patent, 
186,787, no invention of his had been patented in England. The 
invention was free to be used by every one in Englind. The Eng- 
lish patent, 4,765, did not then exist. No grant could thereafter be 
made which would even retrospectively make the monopoly exist as 
of that day. 

It was not known whether the invention ever would be patented ; 
if it should be patented, it was not then known when the monopoly 
would begin, when the patent would be dated, nor when it would 
expire; for by the English law it must expire in England not later 
than fourteen years from the date of the patent, —a date afterwards 
to be determined. The applicant had not even indicated by claims 
or otherwise what invention he wished to have patented. 

These matters were to be determined by judicial inquiries after 
notice to all the world to oppose. The inquiries were to be made 
first by the Attorney-General, and afterwards by the Lord Chancellor 
in person. They must first be called for by a “notice to proceed,” 
and the advertisement thereof, and the payment of heavy fees. The 
first of these steps had not been taken when the United States 
patent issued. 

The only thing certain was that no power existed to make the 
invention “patented”; that is, to clothe it with a monopoly or 
privilege, as of that day even retrospectively. There was not 
even a proximate legal certainty that the invention would be 
patented. 

It was not in the condition of a case, the merits of which had 
been passed on, though some details remained to be settled before 
the entry of a formal decree. 

It ranked at most like a legal proceeding in which the Court had, 
ex parte, looked at the face of the petition enough to say that it 
would issue an order to show cause if the party should thereafter 
move for one. 

Indeed, the only probability in fact (if such a consideration could 
weigh), that the applicant would pay the fees, invoke the inquiries, 


and that they would all result in his favor, rested upon a belief :— 


Ci AIM. 


ANTEDATING. — WHAT DEFENDANTS 


1. That Mr. Bell was the first inventor of the telephone, and 
having made so startling an invention would be likely to patent it 
in England, or to sell the right to do so: because, though in England 
the word “inventor” is construed to mean one who brings into the 
realm what he has learned abroad (Edgeberry v. Stephens, 1 Webs. 35 3 
Beard v. Egerton, 3 C. B. 128; Goodeve, 39), the usual practice, 
recognized by the rules, is for the importer to state the invention as a 
“communication ” from the true originator. 

2. That no one, even having learned the invention from him, 
had published it in England. 

In other words, upon a belief that substantially all the allegations 
of the defendants’ answer are false; upon a belief that the Lord 
Chancellor of England would tind to be untrue (as we quite agree 
that he would and that this Court will) that which the defendants ask 


this Court to believe is true and was then well known. 


What the defendants contend for. 
The contention of the defendants here is that the United States 
statute should read that the life of the American patent be shortened 
if a foreign government should thereafter, by act ex post fucto, grant 
a patent for the same invention, and should thereafter, by act ex post 
_ fucto, see fit to antedate its own patent. Such is not the statute ; 
if it had been so drawn in terms, it would not be law. 

Their contention goes beyond that and to the point of absurdity. 

The English patent still exists, and will until Dec. 9, 1890. At 
what period after that this patent will expire is, for this case, a 
mere moot question. Their contention is (and to make a defence 
must be), that the United States Commissioner of Patents should, 
on Jan. 30, 1877, have stated the day on which an ungranted 
and non-existent English patent would expire; and should state 
which particular invention among many described in a paper he 
could not see, Morgan-Brown would thereafter ask to have patented, 
and the English sovereign would clothe with the monopoly. 

Lord Romilly once said that the most dangerous thing for a Court 
to attempt was, leaving what was done, to dive into the heart of a 
man and discover his secret intentions in the past. But here the 


Commissioner must project himself into the future, and discover, and 


- 
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correctly and conclusively certify what would be the judgment of a 
future Lord Chancellor upon a matter which might be contested by 
proofs and arguments, — upon a controversy, in short, which had not 


arisen. 


Some English decisions under the English statutes. 

These give a construction to the statutes and show that the date 
of the patent as well as the question of granting one are matters 
judicially determined and certain, only at the time of sealing or “actu- 
ally granting,” and not before. 

Saxby v. Hennett, L. R., 8 Ex. 210; Goodeve, 416 (1875). 
Saxby applied July 20; E., Hennett’s grantor, applied July 29; pat- 
ents were sealed to both, and dated as of the respective days of 
application. E.’s was sealed first, but bore the later date. In a 
suit, S. v. E.’s grantee, /eld that as respects “ validity,” each patent 
must, by force of the statute, be deemed to have been “ made” as of 
its date, and therefore that E.’s, dated later than Saxby’s, was not a 
publication which destroyed it, and Saxby should prevail. No other 
defence. 

sut where a corresponding conflict arises in the Patent Office or 
before the Chancellor, as upon a request by the earlier applicant to 
have a patent sealed to him, after one has already been sealed 
to the later applicant, so that the question was not what effect 
should be given to inconsistent grants already made by the crown, 
but whether the crown should make the second grant, the usual 
rule is to refuse the grant to the second person moving for the seal, 
although he was the first to file his application for a patent, or else 
to date his patent as of the day of actual sealing, which will give 
For the 


is of no advantage unless the crown avalls 


him a bad patent for so much as is common to both. 
“ provisional protection ” 
tself of it by antedating the patent, and 7 does not even bind the crown 
tn disregard intermediate publications or patents, nor to antedate in 
accordance with uf. It enlarges the power and discretion of the Crolwln, 


but gives no right whatever to the party. 

This has been decided as follows : — 

Kx parte Bates, i R.. 4 (‘h. AT7 . (,oodeve. AQA (1869). Bates 
filed his appheation Oct. 2, 1868, and obtained provisional protec- 
tion. Bertie applied Nov. 2, 1868, and on Dec. 12, 1868, his patent 


was sealed ; now, on March 19, 1869, Bates moved to have a patent 


oe, 
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sealed to him, and insisted that nothing done by a third person or 

by the crown after he had obtained “ provisional protection ” could 

have any effect against him; //e/d that Bates’s patent must be dated 
as of the date when actually sealed, and could then be only for what 

Was in his specification and not in that of Bertie. No question of 

originality or date of cnvention was raised. 

Lorp Hatnerty, L. C. “A person who intends to take out a 
patent may under 15 and 16 Vict., c. 83, § 6, leave a ‘ provis- 
tonal’ specification at the office of the Commissioners, and then 
he will have certain benefits. Under § 8, for instance, he may 
use his invention for six months without prejudice to his patent 
by that user, but he obtains no rights against the public until 
his patent has been sealed, and even then the patent will not re- 
late back to acts done in the interval. But that is all and he has 
no right or privilege against any other person. If he wishes to 
have more, he may, under § 9, file a ‘complete’ specification, 
and then he is absolutely protected for six months, and has a 
right to proceed as if he had a patent for that period. The 
publication of the complete specification gives to the world the 
whole benefit of the invention, and then the inventor will be 
ans a against any other person obtaining a patent for the 

same invention. ... 


7". ame not to antedate the patent, and, if granted, it must be 
as of its proper date; but when one patent actually exists, 
and is brought to the notice of the Lord Chancellor, a second 


5 


patent will not be granted for the same invention,’ 
be for what is not in the first patent. 


but may 


Ex parte Yates, L. R., 5 Ch. 1, and Hap. Manceaux, L. R., 
5 Ch. 518, L. R. 6 Ch. 272; Goodeve, 596-7 (1869-1870). Lorp 
Hatnerry, L. C. refused patents upon objections first taken and 
opposition first made before him on the application for the great 
seal. 


In ve Henry's patent, L. R., 8 Ch. 167; Goodeve, 598 (1872). 
The Attorney-General issued warrants for the sealing of patents to 
each of two contesting parties. ‘The Lord Chancellor (SELBORNE ) 
sealed one, and refused to seal the other. 


Ex parte Scott, L. R., 6 Ch. 274; Goodeve, 597 (1871). Seott 
applied for a patent. Then Pocock applied for a patent, and got it 
sealed. Then Scott moved for the great seal, and Pocock opposed. 
The dates therefore were exactly like those in Bates’s case. But the 
same Lord Chancellor (Hatherly) found that Pocock, who was 
Scott’s employer, had actually stolen the invention from Scott, and 
therefore he sealed Scot’s patent and antedated it to the day of his 
application for the patent. This killed Pocock’s. 
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Ex parte Bailey, L. R., 8 Ch. 60; Goodeve, 600 (1872). Bailey 
filed his application, and obtained provisional protection March 930. 
Cassartelli tiled his April 3, and got a patent. Afterwards Bailey, 
on May 21, moved for the great seal. Lorp SELBORNE, L. C., sealed 
the patent, but dated it May 21. 


In re Harrison, L. R., 9 Ch. 631, Goodeve, 601 (1874). The 
dates were as in Buailey’s case, and Lorp Catrns, L. C., said: — 


‘If I find a similarity [between the specifications |, then I shall 
take the course which has been taken in other cases, and allow 
the patent to be sealed, but dated as of the date of the applica- 
tion for the great seal.” 


In re Deering, L. R., 13 Ch. 393 ; Goodeve (1879). Jefore KARL 
Carrns, L. C. R& D, independent, original and separate inventors, 
each filed applications on the same day, for the same invention. KR 
vot his patent sealed and dated as of the day of the application. 
Now D applied for the seal and R opposed. The Lord Chancellor 
sealed a patent to D, and dated it of the day of D’s application, thus 
giving the same date to both patents, and leaving them to fight out 
the question of priority of cnvention in the courts. 


Re Cutler’s patent, 1 Webster, P. C. 420. The Lord Chancellor 
has full jurisdiction at the last moment to affix or to refuse to affix 
the great seal, all his power in this respect being expressly reserved 
by §15 of the act of 1852. 


In re Admamson’s Patent, DeG. M. & G. 420: Goodeve, 589 
(1856). Lorp Cranwortn, L. C., refused the great seal on the 
ground of public use by the applicant before his application. 


In re Henry’s patent, L. R., 8 Ch. 167 (1872). Before Lord 
Chancellor SELBORNE. This case both decides and illustrates the 
legal and practical uncertainty which prevails in England upon an 
application, until the great seal has been actually affixed. It is the 
more lnportant because the defeated party had not deposited a 
* provisional ” specification under § 8, as Moregan-Brown did about 
Mr. Bell’s invention ; but with his original petition had deposited a 
“complete” and tinal specification under § 9, which deposit would seem, 
according to the language of the statute and the intimation of Lord 
Hatherly in Bates’s case (p. 23, supra), to give hima higher standing 
than the filing of a provisional specification, and the grant of “ provis- 
ional protection” would give. But the Chancellor held that it was 
always a question for time to decide, and at the last moment, whether 
he would affix the great seal or not, and here he refused it, and granted 
it to another applicant. | 

Farquharson applied and filed a provisional specification, and ob- 
tained provisional protection under § 8, May 25,1872. Henry filed 
a complete specification and obtained “ protection ” under § 9, on Aug. 
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26, 1872. Afterwards, both applied for the great seal, each alleging 
that the other stole the i invention from him. The Attorney -General 
after hearing issued a warrant for a patent to each. The Lord 
Chancellor found that Farquharson was the true and first inventor, 
granted the patent to him and refused it to Henry. 


7 
, THe Lorp Cnancettor. “Mr. Henry applied for a patent Aug. 
26, 1872, and at the same time filed a ‘complete’ specification ; 

- and the question was whether the effect of that complete speci- 
fication under the statute was to make an answer to any claim 

by any one else who had previously applied for a patent for 
the same thing, alleging himself to be a prior inventor. The 
. argument was founded upon the case of Bates & Redgate, which 
y decided that where a patent has actually beens aled, the crown 


will not afterwards enter into the question whether or not some 

one else, who had previously applied, was a prior inventor, so 

as to give a subsequent grant for the same thing which had 
@ been eranted before. The principle of that decision rests 
plainly upon this, that what the crown has actually granted 
cannot be taken away from the grantee, if it is vested in him, 
and given to somebody else ; and that the grant is not to we 
assumed to be void in this jurisdiction, but must be repealed 
by sczre facias, betore the crown, consistently with the prin- 
ciples applicable to all crown grants, could properly grant the 
same matter over again. Then it was attempted to transfer the 
principle of that decision to a case like the present, because 
there is a clause in one of the acts of Parliament which says 
that for a period of six months, every person who has applied 
for a patent, lodging a complete specification, shall have the 
same rights, powers and privileges (I think those are the 
words) as if the patent had been sealed on the date of his 
application. Now it is quite manifest that the whole of that 
proceeds upon the footing that a patent had not actually been 
sealed, and that every opposition of this kind addresses itself 
to the question whether a patent ought to be sealed or not. 
That proviso of the act of Parliament gives to the act, not of 
+ the crown, but of the party, such an effort as would put him 
v for a limited period of time in the situation which, on the face 
of the royal grant, he would appear by the terms of that grant, 
ace ording to its legal import, to be put into. Such a question 
cannot possibly be material tothe sealing. The whole foundation 
of that clause of the act of Parliament is that there has been 
no sealed patent. The whole question now is whether nes 
should be a sealed patent, and to whom. ‘The interim advan- 
tages given to a man who has lodged a complete specification 


+ are not the same in all respects, but the like, and the words 
his f ‘rights, powers and privileges’ do not refer to anything which 
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is not the effect of the document in itself. Supposing the con- 
ditions are not fulfilled, the document wou!d pass, in point of law, 
no rights, powers or privileges, unless it had been sealed, and 
cannot possibly be an obstacle to the exercise of this jurisdic- 
tion for the purpose of determining who is entitled and who is 
not entitled to have the patent sealed. It is not contended 
that the mere lodging a complete patent entitles the party 
who lodges it to have his patent sealed at all events, or sealed 
if he applies for it within six months; no one can contend that. 
But as the argument is not good for that, it is not good for 
anything at all. The analogy is false, because the doubts pro- 
ceeded upon principles applicable to where a grant has been 
actually made and sealed ; but ina case where no such grant has 
been made or sealed, there is no obstacle to the crown doing 
what may appear to be right and just.” 

The Lord Chancellor then considered the question of fact at 
great length, and concluded : — 

“I therefore decide that Mr. Farquharson’s patent shall be 
sealed ; that Mr. Henry’s shall be refused, and that Mr. Henry 
pay the costs of this application.” 

That is, no grant whatever has been made or determined upon un 
til the Lord Chancellor actually affixes the seal, and up to that mo- 
ment any one may oppose the grant in pursuance of publicly adver- 
tised notice given to that end. 

If the allegations in the answer of the defendants in this case, 
viz., that Mr. Bell’s invention was described in sundry English pat- 
ents and well-known printed books were true, any one could have 
presented those patents or publications to the law officer or to the 
Lord Chancellor at any time after the United States patent was 
granted (Jan. 30, 1877), and before May 15, 1877, and _ no pat- 
ent therefor would ever have existed in England. Not only, there- 
fore, did no patent exist, not only was there no legal proximate prob- 
ability that it would exist, but the probability of its existence (if 
such an element could be considered here) depended upon the assump- 
tion that the Lord Chancellor would find to be unknown and non-ex- 
istent those matters which the defendants wish (“ expect” would be 
too strong a word) this Court to believe existed, were widely pub- 
lished and well known. The possibility of a patent depended upon 
the law officer and the Lord Chancellor reaching a conclusion which 
the defendants say no court can reach. Both their defences can- 
not be true ; both may be, and are false and ill-founded. 


Whether the invention patented by Mr. Bell’s United States patent 


WHAT INVENTION WAS “ PATENTED.” 27 


was or would be patented in England could not be known until 
the ** complete specification ’’ was filed on June 9, 1877. 


So much, and only so much of the described matter as is claimed, 
is what is patented (Brown v. Guild, 23 Wall., 181). For this rea- 
son, every reported case in the United States, from O’Reilly v. Morse 
to the present time, has held that we could not say that a particular 
invention had been “patented” in England until the “ complete” 
specification had been filed. (See pp 15, 16, supra; infra). 

The English decisions agree with this. 

This is the more important here because the provisional specification 
4,765 had no claims whatever. None were filed until and as part of 
the complete specification filed June 9,1877, and many of the matters in- 
vented by Mr. Bell have been long ago disclaimed because published 
wn England before Dec. 9, 1876, by those who had learned them from 
him. Who, on Jan. 30, 1877, could say what would be patented, 
or even what Morgan-Brown wanted to patent? 

Harrison v. Anderston Co., L. R., 1 App. Ca. 574; Goodeve, 225. 
Lorp CHELMsForD. “The office of a claim is to define and limit 
with precision what it is which is claimed to have been invented and 
therefore patented.” 

ITinks v. Safety Lighting Co., L. R., 4 Ch. D, 607; Goodeve, 

254 (1876). 

JESSEL, M. R. “I am anxious, as I believe every judge is who knows 
anything of patent law, to support honest dona fide inventors, 
who have actually invented something novel and useful, and to 
prevent their patents from being overturned on mere technical 
objections, or on mere cavillings with the language of the spe- 
cification, so as to deprive the inventor of the benefit of his in- 
vention. This is sometimes called a ‘benevolent’ mode of 
construction. Perhaps that is not the best term to use, but it 
may be described as construing a specification fairly, with a 
judicial anxiety to support a really useful invention, if it can be 
supported on a reasonable construction of the patent.” .. . 

“Jt is for the patentee to tell the world that of which he claims the 
monopoly ; to tell them, ‘You may do everything but this, but 
this you may not do; this is my invention.” With a view 
of getting this into a narrow compass, it has long been the 
practice of patent agents to insert in specifications the distinct 

claim of what they say isComprised in the patent, meaning that 

nothing else is comprised, that everything else is thrown open to 
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the public; or, to put it in other words, if a man has described 
in his specification a dozen new inventions of the most useful 
eharacter, but has chosen to confine his claim to one, he has 
viven to the public the other eleven.” 

Newall v. Elliot, 4 C. B. N. S., 269; Goodeve, 328. The Court 

said : — 

“The statute itself (15 & 16 Vict., ec. 83) indicates this distinction 
between the provisional and final specification, for it calls the 
latter the complete specification, implying that the former is or 
legally may be executory and incomplete. Moreover, it enacts 
(§ 6) that the provisional specification is to describe the 
nature of the invention and no more; but when the statute 
comes to speak of the complete specification, its language is 
altogether different; it enacts (§ 9), that the complete speci- 
fication shall describe not only the nature of the invention, but 
also the manner in which it shall be performed, and not only 
deseribe, but particularly ascertain ut.” 

The language of §9 is that the “complete” specification shall 

“ particularly describe and ascertain the nature of the said invention, 

and the manner in which the same is to be performed.” 


Penn v. Bibby, L. h., 1 Eq. 548; L. R., 2 Ch. 126; Goodeve, 
369 (1866.) 

Lorp CHELMSFORD, L. C. “It seems clear that the office of the 
provisional specification is to describe the nature of the inven- 
tion, not with minute particularity, but with sufficient precision 
and accuracy to inform the law officer what is to be the subject 
matter of the patent. It is not at all necessary that the pro- 
visional specification should describe the mode or modes in 
which the invention is to be worked or carried out. That is 
left to the complete specification. 

Nor is it necessary that the complete specification should extend 
to everything comprehended within the provisional specifica- 
tion.” 


ee 


Sfonor Vv. Todd, L. sa Ch. D. DS: Goodeve, AAG (1876). 

JESSEL, M. kh. “ A provisional specification was never intended to be 
more than a mode of protecting an inventor until the time for 
filing the final specification. It was not intended to contain a 
complete description of the thing so as to enable any workman 
of ordinary skill to make it, but only to disclose the invention 
fairly, no doubt, but in its rough state, until the inventor could 
perfect its details. 

“Again, the provisional specification, as such, is not and can- 
not be known to the public; it is never published unless with 
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the final specification, when they become parts of the same doc- 
ument, except in cases when the time has passed within which 
the final specification must be filed or treated as abandoned.” 

In short, the provisional specification in substance should and in 
legal effect does so nearly correspond to our caveat, that it has no 
greater effect, indeed less binding effect than a caveat coupled with 
our statute allowing two years’ use before application (v. p. 
supra). 

Recent English decision upon the main question at bar. 

The English Act of 1852, has a clause not unlike the United 
States statute, and which in certain cases makes the English patent 
expire “ upon expiration or other determination ” of the foreign patent 
for the same invention. Under this, the English Court has recently 


e 


had to determine whether the right in Belgium was “ obtained ” when 
the patent was actually ordered to issue, or as of the date of the 
application to which the patent was by Jaw inflexibly antedated. 

Its decision covers this case. It also gives a rather happy defi- 
nition of what is meant by the somewhat popular terms “ patent” 
or “ patented,” the latter being the word of our statute. The case 
is the following : — 

Nordenfeldt v. Gardner. High Court of Justice, Queen’s Bench, 
official journal of the English Patent Office, for March 25, 1884, 
p. 11. Baron HuppLeston. 

By § 25 of the English Act of 1852, where upon an invention 
made in a foreign country, “a patent or like privilege for the monop- 
oly or exclusive use or exercise of such invention in any foreign coun- 
try vs there obtained before the grant of such Letters Patent in the 
United Kingdom,” the English patent shall expire “immediately 
upon the expiration or other determination of the term during which 
the foreign patent shall continue tn force.” 

Inasmuch as § 24 had provided that English patents might be 
antedated, and should have, except for recovery in respect of infringe- 
ments in the interim, “the same force and validity as if they had 
been sealed on the day ” of the date ithad been established by Holste 


v. Robertson (L. R., 4 Ch. 9), that for the purpose of determin- 


ing the validity and force of the patent under § 25, the Court must 


2 OM YE ON BAN. Mo ee 


Te a Se er es ea et ee re 


30 SUPPLEMENTAL BRIEF FOR COMPLAINANTS. 


read it as if actually sealed, that is, granted, on the day of its date. 
“They must be held to have been granted on that day for all the 
purposes of the Act” (James, L. J., in Holste v. Robertson, quoted 
p- 31, ¢nfra). Nordenfeldt’s English patent was dated May 138, 18738. 
It only remained, therefore, to determine the date of his Belgian 
patent. 

By the law of Belgium, every patent asked for is to be granted 

“ w) ? e > 
without examination, provided the object be one of industry or com- 
merce, and not contrary to pubiic morals or public policy. By the 
express provisions of the Belgian statute the legal date of the 
patent is the date of the application, and it runs a certain length of 
time from that day. But the procedure is for the Minister of the 
Interior “ without delay ” to make a decree, officially declaring (con- 
statant) that the prescribed formalities have been fulfilled. This 
shall be delived to the applicant and shall constitute his brevet. 

“The word ‘ brevet’ is used very much like the word ‘patent’ in 
England, in a double sense, sometimes referring to the rights which 

2 ’ : “ 
the patentee gets, and sometimes to the document authenticating 
those rights,” 
says the Court very pertinently, and then proceeds to inquire 
when he becomes clothed with the right. and when he obtains the 
document. 

The Belgian application was filed May 12, 1873, and the decree 
of the minister made May 31. The Court held that the patent or 
privilege, though antedated by law to May 12, was not obtained until 
May 31, and consequently did not affect the English patent, dated 
May 13. 

The Court said : “It would seem that the act of the Minister of the 
Interior is not altogether a judicial act, nor entirely ministerial ; for 
it must be granted if the prescribed formalities have been gone 
through, and the object be one of industry or commerce, not 
against goud morals or public order or decency, or contrary to public 
policy, or it may be when the object is an addition to a patent 
already open to the public, as suggested in Mr. Drugman’s affidavit. 

“The brevet was applied for on the 12th May, and the decree of 
the Minister of the Interior on the 3lst May. It was determined 
[expired] on the 17th November. The legal date of the invention 
or of the drevet would under Article 18 be the 12th May, and from 
that date its duration whould run. But that legal date was given to 


ia 
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it only when the decree of the Minister of the Interior, under Arti- 
cle 19, was obtained. It might never be obtained. The formalities 
might not have been complied with, or the first annual payments made 
under Article 17, or it might have been abandoned. The Obrevet, 
whether it be the document itself or “the right or like privilege for 
a monopoly,” is only obtained when the patentee having made his 
application, the Minister of the Interior grants it. It, no doubt, 
is, forall ordinary purposes considered to take effect from its date, 
although upon this point there seems to be some difference in the 
affidavits of the experts; but, nevertheless, in my judgment, it 1s 
not obtained until the 31st. 

“The word ‘ obtained’ is specifically repeated four times in the 
twenty-fifth section, and I cannot help thinking, was intentionally 
used for the purpose of designating the exact period when by the 
act of the applicant and the act of the executive, the legal right of 
the patentee was established. No doubt, the object of the statute 
was as Lord Hatherly states in Daw v. Hley (i. R. 3 Eq. 510), to 
prevent the English manufacturer being fettered while the foreigner 
remains free ; but I think it is also obvious that the English patent 
should be protected, if, by due diligence in England, it preceded the 
application [ ?] for the foreign patent. If it were intended otherwise, 
as Mr. Aston put it, nothing would have been easier than for the 
Legislature to have said, ‘If a foreign patent is obtained which is 
dated before the English patent, then certain consequences shall 
follow.’ ” 

It is obvious that Nordenfelt’s case goes far beyond Bell’s ; for in 
Nordenfelt’s case, it was legally certain at the date of the English 
patent (May 13), that the Belgian patent, when granted, must be 
dated and take effect as of May 12, the date of the application al- 
ready filed. And if the subject matter permitted an English patent, 
then it was one which gave a Belgian patent as matter of right and 
therefore with certainty on the application. 

But in Bell’s case, all these matters remained to be judicially de- 
termined. 


Holste v. Robertson, L. R., 4 Ch. 9, turned upon the effect which 
an English court should give to the date of an English patent, when 
its validity only came in question, the contention being that a for- 
eign patent obtained after the date of the English patent, but before 
its actual sealing, destroyed it. The whole opinion is as follows : — 

JAMES, L. J. “Iam of opinion that there is no ground for this 


application. ‘rhe words of the Act of Parliament are clear; the 
grant of the patei:t takes effect from the day on which it is dated. 
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The 24th section says that when Letters Patent are issued as of any 
day prior to the day of actual sealing, they shall have the same force 
and validity as if they had been sealed on the day as of which they 
are expressed to be sealed. Therefore, they must be held to have 
been granted on that day, for all the purposes of the Act. The 
appeal must be dismissed with cost.” 


THE UNiTED STATES PATENT LAW. 


Section 4,887 of the Revised Statutes of the United States, with 
which the issues here under consideration are concerned, is as 
follows : — 

“No person shall be debarred from receiving a patent for his 
invention or discovery, nor shall any patent be declared invalid by 
reason of its having been first patented, or caused to be patented, in 
a foreign country, unless the same has been introduced into public 
use in the United States for more than two years prior to the appli- 
cation. But every patent granted for an invention which has been 
previously patented in a foreign country, shall be so limited as to 
expire at the same time with the foreign patent; or if there be more 
than one, at the same time with the one having the shortest term, 
and in no case shall it be in force more than seventeen years.” 

Upon this, two questions arise in the case at bar : — 

First. In this case, at the grant of the United States patent, 
no patent had been granted in England, the inquiry whether a patent 
ought to be granted in England had not been made nor even entered 
upon, and the only paper which ascertains with legal certainty what 
invention is “patented” (the “complete” specification), had not 
been written. The “provisional specification ” had been filed, and 
the so-called “provisional protection” been reached, but nothing 
more. 

Was any invention, and if so, what invention “ patented” in 
England by these proceedings within the meaning of the United 
States statute ? 

Or, in other words, is an invention described (but not even 
claimed) in a provisional specification a “ patented” invention dur- 
ing the time between the day the petition is filed in England and 
the day when the English authorities determine whether a patent 


shall be issued, and actually seal and grant it? 


SECOND. If the inventions claimed in the United States patent 
of Jan. 30, 1877, were then patented in England, is the United 
States patent void ab initio, because upon its face it does not ex- 


press the limitation of the statute ? 


ad 
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Both of these inquiries have been repeatedly answered in favor of 


the complainants. 


When is an invention “ patented” in England within the Revised 
Statutes ? 

R. S. 4886 and 4887 both employ the phrase (“patented in a 
foreign country” in one, and “ patented in any foreign country ” m the 
other) which had for nearly forty years found its place in the cor- 
responding sections of the older statutes. The employment of them 
in 1873, therefore, is a legislative adoption of the meaning the pub- 


lished decision of the courts had given them. 


By St. 1836, § 7, the patent is not to be granted, and by § 15 
(from which R. S. 4886 is copied) it is to be adjudged void, if, 
before the invention by the patentee, the alleged novelty had been 
“natented . . . in this or any foreign country.” 

Knowledge of it abroad was no obstacle; the statute called for 
that condition of things signified by the word “ patented,” and to that 
it gave a weight which it did not give to public knowledge and 
general use. 

Patents at that time invariably were and in most countries still are 
in manuscript. The most widely circulated and most publicly 
exhibited written description is not enough. The effect is not given 
to a written description as full, complete and accessible as a patent 
can be supposed to be. The statute calls for a patent in the one 


case or a printed publication in the other, and is satisfied with noth- 
ing short of those physical things. There is nothing in the statute 
to give the same effect to a description accompanying an application 
for any English patent which is given to the patent itself. Making 
public a description (not in print), is of no effect ; there must be a 
“ patent” to be made public. 

Several statutes concern themselves with the case when the inven- 
tion of the applicant has been “ patented ” in the United States and 


abroad. ‘The most important is St. 1839, § 6, which was the 


principal origin of R. S. 4887. All these statutes inquire in terms 
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when the invention was “patented in a foreign country,” in order 
that the date thereof may be compared under St. 1839, with the date 
of the American application, and under later statutes with the date 
of the American patent. 

One class of these statutes compares the foreign date with our 
American date, and entails one legal consequence ; the other com- 
pares the foreign date with a different American date, and entails a 
different consequence. 

But both, now embodied in consecutive sections of the same statute, 
equally require th. Court to ascertain : — oF 

1. The date when something became “patented in a foreign 
country.” 

2. Precisely what invention was “ patented.” 

And in both cases, with a view to destroy or to shorten the life of 
a United States patent. 

The same phrase cannot be so used with essentially diverse 


meanings. 


Meaning of word ‘“ Patented.” — As to the first point, the 
words, “ patented in a foreign country,” ex vi termini, are used to 
express the fact (and have no meaning unless they do express it), 
that a right to use the invention exists in some one to the exclusion 
of the public at large; and the time when the invention becomes 
patented cannot be before the first instant when such right exists. 
Nor can it be said that a particular invention is patented until the 
means exist for ascertaining what invention it is that the patentee 
has an exclusive right to enjoy. 

Accordingly, the United States courts have uniformly decided that, 
in respect of an English patent the word means that the Letters 
-Patert must have been actually sealed, and the specification which 
the _inglish law looks at to know what is patented, must be filed, 
before the invention described in a particular United States patent 
ean be known or decided to be “ patented ” in England. 

O'Reilly v. Morse, 15 How. 62 (1853). The Supreme Court 
here passed upon both clauses. Under Stat. 1836, §§ 7, 15, they 
held that they could not find the invention of Morse to have been 


a Ar case Nc te EAB aL Ai LotR tS 


36 EFFECT OF AN ENGLISH PATENT. 


“ patented ” in England by Wheatstone and Cooke, until the English 
patent had been sealed, and final specification filed. See also p. 38, 
mnfpro. 

Smith v. Dental Vulcanite Co., 93 U. S. 486, 498. Srronea, J. :— 


“Yet taking the spring of 1855 as the time when it [the in- 
vention by the patentee, Dr. Cummings] was completed, we find 
nothing in the proofs to justify a conclusion that Dr. Cummings was 
not the first inventor. . . . Of the English patent of Charles Good- 
year, it is enough to say that although the provisional specification 
was filed March 14, 1855, the completed specification was not until 
the 11th of September following.” 


The terms of the statute (1836, § 15) under which that patent 


was granted, raised the inquiry whether “the invention or any part 
thereof,” — “the same or any substantial part thereof, had before 
been patented or described in any printed publication.” The English 
patent was of 1855, and therefore granted under the same statute as 
Morgan-Brown’s,— Act. 15 and 16 Vict., 1852. 

The Corn-planter Patent, 23 Wall. 211. The language of Stat. 
1836, § 7, is: “or that it had been patented,. . . in this or any 
foreign country.” Whereupon, the Court decided that when pro- 
ceedings touching an invention had not got beyond an application, 
the invention was not “ patented.” 

An application duly filed, not rejected, but voluntarily with- 
drawn, was setup. //eld that the invention described in that appli- 
cation was not “patented.” The Court said : — 

“ Had a patent been actually granted to Remy and Kelly, it would 
have been different. The case would then have come directly 
within the seventh section of the Act of 1836, which makes a ‘pat- 
ent’ or a ‘description in a printed publication’ of the invention 
claimed a bar to a further patent therefor, but a mere application for 
a patent is not mentioned as such a bar.” 

There is even less reason to hold that an English application ac- 
companied merely by a “ provisional” specification, should be held 
equivalent to the “ patenting ” of an invention. 


U. S. Decisions as to when an invention is “ patented” 
in England within R. S. 4887. 

The clause involved in this case (R. 8. 4887, and its predeces- 
sors) have been construed, and the date when an invention is 
“ patented ” in England has been repeatedly settled. 
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‘ Am. Diamond Rock-boring Co. v. Sheldon, 17 Blatch. 303. 
The patent was granted when Stat. 1839, § 6, was in force. If the 
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invention was “patented” in England more than six months before 
b the United States application, the statute applied, and the United 

States patent had expired. If it was not patented in England more 
‘ than six months before the United States application, then the case 
ti did not come within the statute, and the United States patent ran sev- 
enteen years from its date and was still in force. The date of the 
English patent was more than six months, but the filing of the Eng- 


Ge 
» lish complete specifications was less than six months before the 

me FY United States proceedings. The Court stated the question: “The < 
_ question is, was it patented there before the specification was filed?” ) 
K and held that it was not. In that case, the English patent was | 


granted under Act 1882. Suipman J. also sustained this patent. 
(14 Bl. 119.) 
Gold & Stock Co. v. Commercial Telegram Co., 23 Fed. R. 340 


(1885). The precise question at bar was here decided. Calahan 


was the American inventor and patentee. His English patent was 
dated March 16, 1868, the day when his provisional specification 
was filed, but it was actually sealed Aug. 21, 1868. The United 
States patent was April 21, 1868, a month after the date of the 
English patent, but five months before the sealing of that patent. 
The English patent was issued under Act 1852, 15 and 16 Vict. 


The Court; Sureman, J., thus announced its decision: “In this 
case, the English patent was sealed five months after the patent in 
suit was issued; and although the English patent was when _ pub- 
lished dated March 16, 1868, I do not suppose that such date has 
an effect upon the life of the subsequently issued United States 
patent.” (P. 343.) 


The second question. viz., whether if the statute applies, 
the limitation must be expressed on the face of the 
American patent, or the latter is void «6b initio, has re- 
ceived the most authoritative decision. 


One vis major applies to this case, to wit, the physical impossibil- 
ity of writing on Jan. 30, 1877, the date or the day of expiration of 
an English patent which did not exist, and the date of which, if it 
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should thereafter exist, was not fixed by anything then done. But 
we are now concerned with United States decisions. 

O'Reilly v. Morse, 15 How. 62 (1853). Morse’s United States 
patent was granted in 1840, when Stat. 1839, § 6, was in force. 
He took out a French patent, Oct. 30, 1838. Concerning cases 
which came within the statute, the enactment was : — 

“ Provided, also, that in all cases every such patent shall be limited 
to the term of fourteen years from the date or publication of such 
foreign patent.” 

In Smith v. Ely, Judge McLean held that the Morse patent was 
void ab initio under this statute. His ground was that the Commis- 
sioner had no authority to issue any patent except one for the time 
so limited on its face and in terms, and that any other patent was 
ultra vires and void. 

In Morse v. O’Reilly, Judge Munroe held that the statute applied, 
but that the law gave the limitation to the term, and that it need not 
be expressed on the face of the patent ; and inasmuch as fourteen years 
from the date of the French patent had not elapsed when he heard 
the case, he sustained the patent and granted an injunction. —__ 

The two cases were argued together in the Supreme Court. At 
that time (Dec. T. 1853), the fourteen years had run, but they had 
not run when the case reached the Supreme Court docket. 

The effect of this statute was one of the chief points of conten- 
tion, the other being the eighth claim. Grier, J., in his dissenting 
opinion, styled them the two great points of the case. The Court 
thus dealt with it: — 


“ Nor is it void because it does not bear the same date with his 
French patent [Oct. 30, 18338]. It is not necessary to inquire 
whether the application of Professor Morse to the Patent Office in 
1838, before he went to France, does or does not exempt his patent 
from the operation of the Act of Congress upon the subject ; for if it 
should be decided that it does not exempt it, the only effect of that 
decision would be to limit the monopoly to fourteen years from the 
date of the foreign patent; and in either case, the patent was in 
full force at the time the injunction was granted by the Circuit Court 
and when the present appeal stood ready for hearing in this Court.” 


[ But if the statute applied, the patent had expired when the case 
was heard and decided, — Dec. Term, 1853. | 
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GriER, J., dissenting upon what he declared was one of the two 


great points of the case, thought that if the statute applied, it made 
the patent void unless the limitation appeared on its face, but that 
the case did not come within the statute. Evidently, the question 
received full and careful judicial consideration. 

O’ Reilly v. Morse is absolutely decisive of the case at bar upon 
two grounds. | 

first. The Supreme Court there held that since it was not a fatal 
defect that the patent did not state the alleged limitation on its face, 
and therefore was not void ab initio, a decree for an injunction and 
account ought to be made, and would be sustained on appeal without 
deciding whether the statute would apply, or at what future day 
the patent would expire. 

In Mr. Bell’s case it was both a legal and a physical impossibility 
for the Commissioner, on Jan. 30, 1877, to write on the face of 
patent 186,787, whether what we now know as English patent 
4,765 would exist, nor when it would be granted, nor when it would 
be dated, nor when it would expire, nor what inventions would be 

9 
“patented” by it. If R. S. 4887 requires these things to be written 
into every U.S. patent to which that section applies, then the section 
cannot apply to a patent which leaves the Patent Office before those 
things can be known. If it does not require them to be written in, 
then it is not needful for this case to inquire whether this patent 
expires Dec. 9, 1890, or Jan. 30, 1894. 

Second. The legislation which resulted in R. S. 4887 is as fol- 
lows :— 

Stat. 1836, § 8. “ But nothing in this act contained shall be con- 
strued to deprive an original and true inventor of the right to a 
patent for his invention, by reason of his having previously taken 
out Letters Patent therefor in a foreign country, and the same hav- 
ing been published at any time within six months next preceding 
the filing of his specification and drawings.” 

Stat. 1859, § 6. “No person shall be debarred from receiving a 
patent for any invention or discovery .. . by reason of the same 
having been patented in a foreign country more than six months 
prior to his application ; provided, that the same shall not have been 
introduced into public and common use in the United States prior 
to the application for such patent; and provided, also, that in all 
cases, every such patent shall be limited to the term of four- 
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teen years from the date or publication of such foreign Letters 
Patent.” 

Morse “ obtained ” his French patent Oct. 30, 1838. This date 
was not discussed, and was assumed. His United States patent was, 
so it was said, applied for April 7, 1838, and granted June 20, 1840. 
It was alleged that the date of his U. S. patent, and not the date of 
his U. S. application, was what was to be compared with the foreign 
patent, and that his case came within Stat. 1839, sect. 6. If it 
did apply, there was a strong argument based on the language of the 
statute that the patent was void unless it stated thelimitation. For, 
assuming that ee the old law the patent could not issue, it enacted 
that it might, “PRovipEpD that in all such cases every such patent 
shall be limited to the term, efc.” It was not unreasonable, if an 
argument on words was to prevail, to say that the saving of the stat- 
ute only applied to patents which came within the description in the 
proviso, and therefore that no power existed to issue any patent for 
any different terms. As Judge Grier put it in his dissenting opin- 
ion, “ it gives no power to the officer to issue a patent for a greater 
term.” And he adds :— 

“If the patent does not show the true commencement of the term 
eranted by it, the patentee has it in his power to deceive the public 
by claiming a term of fourteen years, while in reality it may not be 
more than one.” 

Judge McLean on the circuit took the same view (5 McLean, 76). 

But those views, argued by counsel and doubtless argued by Judge 
Grier with his usual vigor in the consultation room, were expressly 
overruled by the Court. Those questions are forever at rest. 

The subsequent legislation has adopted that decision. 

The Act of 1861 had no direct reference to this subject, and had 
no counterpart to these sections. 

The act of 1870 had a section (25) on the subject employing the 
word “ provided,” but otherwise somewhat different in verbiage from 
the earlier Acts. | 

R. S. 4887. “Wo person shall be debarred from receiving a patent 
for his invention or discovery, nor shall any patent be declared in- 

valid by reason of its having been first patented, or caused to be 
patented, an a forergn country, unless the same has been introduced 


into public use in the United States for more than two years prior 
to the application. But every patent granted for an invention which 
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Pi has been previously patented in a foreign country shall be so limited 
m as to expire at the same time with the foreign patent; or, if there be 
' more than one, at the same time with the one having the shortest 
, term, and in no case shall it be in force more than seventeen years.” 
we The draughtsman evidently had before him the language of Stat. 
an 1839, § 6, and copied the first clause substantially and in all the im- 


portant phrases literally. Thus the form of it is, “no person shall 
be debarred,” ete., and the essential words are :— 

In 1839, “ by reason of the same having been patented in a foreign 
country.” 

R. S., “by reason of its having been first patented in a foreign 


. country.” 


The second clause, about public use, follows the verbiage of 


i . , 1839 in all important words ; it has no bearing on this case. 

The third clause also adopted the verbiage of 1829. 

In 1839. “ Every such patent shall be limited to the term of, etc.” 

R. S. “Every patent granted, etc., shall be so limited as to expire.” 

© Shall be limited” is the phrase in both, and it was under that 
phrase that the Supreme Court held that the law supplied the limi- 
tation, and that the patent need not express it. 

When Congress re-enacted the words to which a meaning had 
already been given by the Supreme Court, the final arbiter of the 
meaning of a U. S. Statute, it enacted that construction as much as 
if it had said so in terms. 

Congress did more than that. Stat. 1839 assumes that patents 


previously could not be granted in a certain class of cases, and then 


enacts an exception out of that class. If we confine ourselves to the 
~ language merely, we might well think that the authority of the Com- 
| missioner only exists in respect of patents which come within the 
words of the exception, —in the term granted as well as in other 
particulars. This argument, urged by Judge Grier, derives ¢on- 


siderable additional force from the fact that the whole section con- 
sists of one sentence, and that the phrase “ shall be limited ” is 
y introduced by the word “ provided,” 


But in R.S. 4887, the permissive clause, “no person shall be de- 
barred,” etc., ends with a period, and the phrase “shall be limited 


is in a separate sentence, beginning with * But.” 
3 


pat peewee, 
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More than that. Stat. 1839 has two clauses, each equally intro- 
duced by the word “provided”; and it is plain that a failure to 
come within the public-use clause, affects the patent, though it requires 
nothing to be stated in the patent. In R. 8. 4887, the draughtsman 
has put the public-use clause into the first sentence, and expressly 


made it a qualification, introducing it by the word “unless,” while 


e 


he has done all that he could to disconnect the “shall be limited” 


clause. from the former. 

Verbal criticisms of a statute are of doubtful value, but here it is 
found that the draughtsman copied the words to which a meaning 
had been given, and changed and omitted those which might seem 
at variance with it. That the legislature did this, and did not in 
terms repudiate or exclude the meaning judicially given to the 


clauses, is absolutely conclusive. 


' 


The precise question came up before Judge Wallace in 
Canan v. Pound M?f’g Co. 23 Fed. R. 185 (1885). 


The whole opinion is devoted to a careful consideration of it. 
We quote the opinion in full: — 


Watuace, J. “The defendant insists that the plaintiff’s patent 
is void, because it is granted for the term of seventeen years from 
the date of its issue, Aug. 12, 1879, and is not limited upon its 
face to expire Dec. 5, 1883, the time of the expiration of the plain- 
tiff’s Canadian patent for the same invention. This position is 
founded on the language of Sect, 4,887, Rev. St., which declares 
that every patent granted for an invention which has been previously 
patented in a foreign country shall be so limited as to expire at the 
same time with the foreign patent, or, if there be more than one, 
with the one having the shortest term; and in no ease shall it be in 
force more than seventeen years. Reading this section without 
reference to the context, it would fairly authorize the argument that 
the limitation should be expressed upon the face of the patent; and 
if this were the true meaning of the law, a serious question would 
arise whether a patent issued in disregard of the mandate would not 
be void. But the section is to be read in connection with sections 
4,883, 4,884 and 4,885, and resort may be had for interpretation to 
the pre-existing statutes ; and thus read there seems to be no room 
for fair doubt that section 4,887 is not to be construed as requiring 
the limitation to be expressed in the patent, but merely as controlling 
the effect or duration of the grant. 

Sections 4,883, 4,854 and 4,885 prescribe the formalities by which 
patents shall be authenticated, and what they are to recite and con- 
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tain. Sect. 4,884 enacts that ‘every patent shall contain a short 
title or description of the invention or discovery, . . . and a grant 
to the patentee, his heirs or assigns, for the term of seventeen years, 
of the exclusive right to make, use and vend the invention,’ etc. 
“There is an apparent conflict between the requirements of this 
section and those of Sect. 4,887, but upon resorting to the original 
sources of the provi sions, it will be seen that the conflict is apparent 
only. Where the meaning of the Revised Statutes is plain, the Court 
cannot recur to the original statutes to see if errors were committed 
in revising them, but it m: ay do so when necessary to construe 
doubtful language used in the revision. United States vw. Bowen, 
100 U.S. 508. Sects. 4,883, 4,884, 4,885, and 4,887 are repro- 
duced from Sects. 21, 22, 23, onl 25 of the Act of July 8, 1870, 
revising and amending the statutes relating to patents. The first 
three sections relate to the regulations which are to be observed 
\ by the executive department respecting the form and contents of the 


‘instrument which they are to issue to the patentee. Sect. 25 re- 


lates to the rights which may be acquired by an inventor or discoy- 


ss, erer who has previously patented his invention in a foreign country. 


It did not enact that his patent should ‘ be limited so as to expire’ 
at the same time with his foreign patents, but declared. that his 
patent should ‘expire at the same time’ with the foreign patent. 
Obviously, Congress was considering the effect and extent of the 
grant to such a patentee, the estate w ith which he would be invested 
when his patent had been issued, and not the formal requisites or 
terms of the instrument evidencing the grant. This is very clear 
by reference to the other provisions of that section, all of which re- 
late to conditions which may defeat his patent. 

“The change of phraseology in Sect. 4,887, by which the words 
‘shall be so limited as to expire’ are substituted in place of the 
words in Sect. 25, ‘shall expire at the same time,’ should not be 
interpreted as intended to control the provisions of Sect. 4,884. 
The word ‘limited,’ as used in reference to the term of duration 
of a patent, where the invention has been first patented in a foreign 
country, originated in Sect. 6 of the patent act of 1839, where it 
was declared that ‘ ever y such patent shall be limited to the term 
of fourteen years from the date or publication of such foreign Letters 
Patent.’ In the case of Smith v. Ely, 5 McLean, 76, it was 
held that the patent to Morse for the electric telegraph, was 
void under this section, because having first been patented in 
France, the Letters Patent here did not upon its face limit the 
term of the grant to fourteen years from the date or publication of 
the foreign patent. The Court held that the patent was issued not 
only without authority of law, but in violation of it. This conclu- 
sion was overruled by the Supreme Court, in O’Reilly v. Morse, 15 
How. 62, where the point was distinctly made that the patent was 
void, because it ran fourteen years from the date of its issue, Instead 
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of that length of time from the date of the French patent; but the 
Court held that the only effect of the French patent was to limit the 
monopoly to fourteen years from the date of that patent. From that 
time to the present, the general practice of the Patent Office, it is un- 
derstood, has been to issue patents where a foreign patent has been 
obtained by the patentee, reciting a grant for the full term author- 
ized by law in the case of ordinary patents without any limitation 
upon the face of the instruments. Jf it had been intended in the re- 
vision of the statutes to introduce a new rule or change the construction 
which had been placed by the Supreme Court and the executive de- 
partment upon the former provisions of law, plain and unequivocal 
language would have been employed, which would have demonstrated 
that intention beyond a doubt. 

“In several cases in this circuit and other circuits, similar patents 
have been under consideration, and been treated as valid for the 
term of the foreign patent, although upon their face they speci- 
fied a longer term. Weston v. White, 13 Blatchf. 364; Henry v. 
Providence Tool Co., 3 Ban. & A. 501, Reissner v. Sharp, 16 
Blatchf. 383; DeFlorez v. Raynolds, 17 Blatchf. 486; S. C. 8 Fed. 
Rep. 434; Holmes Electric Co. v. Metropolitan Co., 21 Fed. Rep. 
458. The point now taken was not considered in these cases, but 
it could not have escaped the attention of the judges. No Court 
would direct a decree or order a preliminary injunction upon a 
patent void upon its face, and the circumstance that the point was 
not adverted to, implies that it was not thought to have any merit. 
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* Judgment is ordered for plaintiff for $133, with interest.” 

It is certain that under the English law, the filing of a provisional 
specification is not only not a patent, but the English statute specif- 
ically points out that it has not the effect of a patent, its only object 
being to enable the applicant to experiment in public with his inven- 
tion without losing the right to obtain a patent in consequence there- 
of; and in that regard, it is the equivalent of the two years’ clause in 
the American statute. 

It is also clear that the words “ previously patented ina foreign 
country ” have been constantly held in this country not to signify 
the filing of a provisional specification ; but, on the contrary, it has 
been held under various aspects that the real date when the inven- 
tion became patented was the date when the foreign patent actually 
took effect in favor of the inventor, and that was the date intended by 
the American statute. 

Any other view than that would necessarily lead to the most ab- 
Take the case at bar. 


surd consequences. Bell’s provisional speci- 
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fication was filed Dec. 9, 1876. Under the English statute, 
a question to be decided in the future was whether a. patent ever 
would issue to him; and the decision of the question did not depend 
upon himself, but upon the decision of the law officers in England. 
Perhaps, in the mean time, an English newspaper might have pub- 
lished fuller accounts of his American exhibitions than he was aware 
of, or some other person might have taken a patent for the same in- 
vention, and then he could not have had one. Whether, when it was 
granted, it would be dated as of the date of the original application 
and provisional specification or as of the date when it was granted, 
could not be known, because by law it might be dated at any time 
between those two days; and what would be its date could not be 


- é' ; | ; 
_, known at all; and yet if the law required him to solve in advance 
those questions over which he himself did not have control, and fix 
} : 

Za date on his patent, it then might happen that that would be a false 


date under any circumstances ; and if, after all, his English patent 
should not be granted to him, which by law it might not be, then 
he would have limited his American patent upon the face of it, when 
in point of fact, no foreign patent ever existed at all. 

These consequences are so unreasonable that we submit no court 
should declare an American patent void because the patentee had 
not, with prophetic vision, foreseen events which had not occurred 
when he took it, and had his prophecy recorded in his American 
patent. 

But the decision of the very point in O’Reilly v. Morse, and in the 


Gold and Stock case, would seem to be sufficient. 


Not much aid in construing the statute is to be derived from any 
assumption as to the policy or object of the law. It is sometimes 
suggested that the object of the restriction of Sect. 4,887 is to 
place the people in this country on the same footing, with reference 
to the invention, as the people of other countries, on the ground 
that it would be unjust or unwise to give a right of property in an 
invention here after the people of another country had acquired the 
right to it without restriction. But this can hardly be so, since the 
law does not make it the condition of the grant of a patent here that 


the inventor shall take out patents in other countries. 
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On the contrary, if no foreign patent is taken out, a patent here } 
is valid for the full term of seventeen years. So, also, an inventor, 
after he has taken out a patent here, is at liberty to take out foreign 
patents without affecting the duration of the term here. It is difh- 
cult to see why a patent here should be made to expire with the ex- y | 


piration of a foreign patent previously taken, when it is unatlected 
by the expiration of a foreign patent subsequently - granted, or by | 


the fact that no patent is obtained abroad, and that the people of all 

other countries are left at full liberty to use the invention. There , 
is certainly no reason to extend the operation of the statute beyond oy, 
the strict requirements of the language; and until an inventor has " 


acquired rights against the people of a foreign country by the actual 
grant of a patent, his rights here should be precisely what they 
have been if he had made no application at all for a foreign patent. 
After an inventor has obtained a patent in this country, he may 
apply for and obtain a patent abroad without limiting his rights 
here, and there can be no reason why a foreign patent, granted sub- 


sequently to the patent here, should have any different legal effect 


beeause the inventor had taken steps In advance to procure what he 


would have a right to procure without affecting his patent here, viz., 
a subsequent foreign patent. 
There is nothing in the lancuage of the statute to justify the posi- 


tion that the filing of an application for a foreign patent serves of 


itself as a limitation of the term of a subsequent American patent. 


We presume that it will not be held or even claimed, that the mere 


> ae > ° . ®@ 42 ° . 1 ° 8 : 
filing of a provisional specification for an Enelish patent, unaccom- i 
panied by the issue of a patent subsequently, would limit the term 


of a patent in this country subsequently granted. Unless there is 
an actual grant of an Enelish patent, after the filing of a provisional 


' 
specification, there Is no patent to expire, which by expiring shall ' 
limit the term of an American patent. 

New York, N. Y., May, 1885. 
KpWwArpD N. DIcKERSON, ' 


Of ( ‘ounsel. 
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4 SUPREME COURT OF THE UNITED STATES, 


A 
-} 
. OCTOBER TERM, 1886. 
4 
a : THE MOLECULAR TELEPHONE 
: COMPANY et al., 
Appellants, 
Ke ' No. 667. 
THE .AMERICAN BELL TELEPHONE 
-COMPANY, 
Respondent. 
} Testimony of Rudolph Messel et al., and Testimony of Prof. Chas. R. Cross, 


read by stipulation from the case of The American Bell 
Telephone Company vs. The New Jersey 
Telephone Company. ‘ 
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| DISTRICT OF NEW JERSEY. 
fad AMERICAN BELL TELEPHONE CoO. ET AL. 
e  % AGAINST 


New JERSEY TELEPHONE Co. ET AL. 


above cause as follows: 


A. S. GOirenit Cowt, 


[po request of the defendants and Grosven 
Upon the request of the defendants and Grosvenor 
Lowrey, Esq., counsel for other parties who are or 
may be in litigation against the American Bell Tele- 
phone Company, it is agreed as follows : 

Commissions to take testimony on behalf of the de- 
fendants and others engaged in litigation against the 

OD 5 oD 

American Bell Telephone Company may issue upon 
interrogatories and cross-interrogatories filed in the 


“ To Thomas M. Waller, of London, England, to 


England. 


many. 


richsdorf, Germany. 


Friedrichsdorf, Germany. 


take testimony of Dr. Rudolph Messel, of London, 


To Albert Loenig, of Bremen, Germany, to take 
testimony of Philip Schmidt, of Wilhelmshaven, Ger- 


To Jacob Mueller, or Alvesto S. Hogue, of Frankfort, 
Germany, to take testimony of Leon Garnier, of Fried- 


To Jacob Mueller, or Alvesto S. Hogue, of Frankfort, 
Germany, to take testimony of Heinrich Hold, of 


BA Ree A * 
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To Jacob Mueller, or Alvesto S. Hogue, of Fried- 
richsdorf, Germany, to take the testimony of Prof. C. 
Bohn, of Aschaffenburg, Germany. 

To Alvesto S. Hogue, of Frankfort, Germany, to 
take the testimony of Prof. George Quincke, of Wassel- 
heim, Germany. 

To Alvesto S. Hogue, of Frankfort, Germany, to 
take the testimony of 'T. Hausser, of Wasselheim, Ger- 
many. 

It is further stipulated that Rockwell Kent, Esq., 
may be employed as messenger to convey said commis- 
sions to the respective commissioners ; that when exe- 
cuted the same may be sealed and returned by the 
commissioners, either through the hands of said Rock- 
well Kent or by mail addressed to the Clerk of the Cir- 
euit Court of the United States, District of New Jersey, 
ne, Us SB. A 

In case any commissioner hamed in any of the com- 
missions cannot conveniently act, Mr. Kent may, in 
writing, appoint a substitute, giving in said writing the 
reason why the commissioner originally appointed can- 
not act ; and such substitute commissioner shall have 
all the powers belonging to the commissioner originally 
named. 

It is further stipulated that every objection to the 
competency or materiality of the questions or the an- 
swers contained in, or taken by or under any said com- 
mission be reserved to the same effect as if made’ on 
an application for the respective commissions, or to the 
respective interrogatories on the settlement thereof. 

It is also understood and agreed that the commis- 
sions containing the interrogatories and cross-interro- 
gatories shall be sealed by the Clerk of the Court ; that 
the contents and nature of the cross-interrogatories 
shall not be made known to Mr. Kent; and that he 
shall not converse with the witnesses, or any of 
them, on the subject of their depositions, except for 
the purpose of arranging a meeting between them and 


the commissioner for the execution of the commis: 
sions ; that the interrogatories and the cross-interro- 
gatories shall not be made known to the witnesses, or 
either of them, except by reading each in its order to 
the witnesses at the time the deposition is taken, and 
no interrogatory or cross-interrogatory is to be read to 
the witness until the preceding one has been answered ; 
and no one except the commissioner, or a clerk to be 
employed by him to write the answers and named by 
him in his return shall be present while the deposi- 
tions are being taken. The Clerk of the Circuit Court 
issuing the commissions shall specially call the atten- 
tion of the commissioners to his duties in this respect. 
It is also agreed that all the testimony taken under 
these commissions may be introduced into the record 
of the telephone cases in the Supreme Court on appeal 
in such manner as any Court may permit, the American 
Bell Telephone Company consenting to any form of 
procedure convenient for that purpose ; but such admis- 
sion or rejection or use is not in any way to involve 
the United States or aftect the next stipulation herein. 
In consideration that the United States shall pay a 
part of the expenses of taking the testimony under this 
commission, the American Bell Telephone Company, 
for itself, its successors or assigns, by its officers and 
lawfully authorized agents, hereby agree and _ stipulate 
that any testimony taken in this case in pursuance of 
the commissions or letters rogatory referred to in this 
stipulation may be used as evidence for the plaintiff in 
any suit lawfully brought, or which may hereafter be 
brought by the United States or any officer thereof, in 
behalf of the United States to cancel or annul any or 
every patent issued by the United States and claimed or 
owned by said company, either in its own right directly 
or by assignment or any other form of conveyance, with 
the same force and effect, and no other, as though said 
testimony had been regularly taken in such suit brought 
or which may hereafter be brought. But it must be 
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distinctly understood that the American Bell Telephone 
Company does not admit that any of the testimony 
proposed to be taken under the said commissions is le- 
gally competent or material in any suit, irrespective of 
the manner in which it is taken ; it does not admit that 
it can be held in any district except the District of 
Massachusetts ; it does not admit that any litigation 
respecting the Bell patent can be carried on in its ab- 
sence ; it does not admit that the Attorney-General 
has any authority whatever to bring a suit questioning 
the validity of the patent ; and it does not waive any 
of its objections now taken, or hereafter to be taken, in 
any of these respects. 
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DICKERSON & DICKERSON, 
Solicitors for Complainants, The American 
Bell Telephone Company, 
By W. H. Forses, President. 
Epwarp N. DICKERSON, 
JAMES J. STORROW, 
Of Counsel for A. B. T. Co. 
G. A. JENKS, 
Solicitor-General, Acting Attorney-General 
of the United States in this matter. 
WHEELER H. PECKHAM, 
Solicitor for Defendant Molecular Tele- 
phone Company and others. 
GFROSVENOR LOWREY. 
Sam’L A. Duncan, 
Solicitor for Defendant. 
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CONSULATE GENERAL OF THE UNITED STATES OF AMERICA 
AT LonpDoN, ENGLAND. 


Deposition of Rudolph Messel, a witness produced, 
sworn and examined on the 17th day of December, 
1886, at the offices of the Consulate-General of the 
United States of America, situate No. 12 Saint Helen’s 
Place, Bishopsgate street, in the City of London, Eng- 
land, aforesaid, by Thomas M. Waller, Consul-General 
of the United States at London, England, under and 
by virtue of a commission issued out of the Circuit 
Court of the United States for the District of New 
Jersey, in the City of Trenton and State of New Jer- 
sey, in a certain cause therein depending and at issue 
between American Bell Telephone Company et al., 
complainants, vs. New Jersey Telephone Company et 
al., defendants, as follows: Rudolph Messel of 36 
Mark Lane, in the City of London, aged 38 and 
upwards, manufacturing chemist, being duly and pub- 
licly sworn pursuant to the directions hereto annexed 
and examined on the part of the defendants doth 
depose and say as follows: 

Int. 1. Please state what is your name, age, residence 
and occupation ? 

To the first interrogatory he saith: My name is 
Rudolph Messel, [am 38 years old and upwards, my 
profession is that of a manufacturing and scientific 
chemist. I reside in London, my office being at No. 
36 Mark Lane. Iam a partner in the firm of Chap- 
man, Messel & Company. 

Int. 2. Were you acquainted with the late Philipp 
Reis, of Frankfort, Germany ? 

To the second interrogatory he saith: Yes, I knew 
Philipp Reis. 

Int. 3. If to the last interrogation you answer yes, 
state, if you know, what was the occupation of the said 
Reis during the years 1859 to 1874, inclusive, or during 
any portion of that period in which you had knowledge 
of the matters now inquired about. 


6 


To the the third interrogatory he saith: I did not 
know him before 1860. I was a pupil in a school in which 
Mr. Reis was a master; for about two or three years, in 
Friedrichsdorf, to the best of my knowledge and belief, 
and went there in the fall of 1860, and continued as 
such pupil until the spring of 1863. I have no memo- 
randum with me to verify my statement with regard to 
the years. The school record would, of course, show 
this conclusively. I met Mr. Reis occasionally after I 
left the school in Frankfort, at no time later than 1866. 
Mr. Reis, all the time I knew him, continued as master 
in the school I have named. I don’t know the ques- 
tions that will be afterwards asked me. 

Int. 4. Do you know whether the said Reis was en- 
gaged during that period, or at any portion of that period 
in experiments having in view the transmission of ar- 
ticulate speech or other sounds by means of electricity. 
If you answer yes, and that he was so engaged in re- 
spect to either or both the subjects named, please state 
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how you know the fact ? 

To the fourth interrogatory, he saith: Yes, Ido. J] 
was personally present often while he was so experi- 
menting, and aided lim as a boy of my age might. J 
made some parts with my own hands—for instance, an 


*. 
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orifice. 

Int. 5. Were you during the period above named 
ever present when the said Reis or any other person in 
his presence experimented with any apparatus in trans- 
mitting or attempting to transmit speech or other 
sounds. If you shall answer yes, please state on how 
many occasions, if more than one, at what time or 
times and place or places, as nearly as you can remem- 
ber. Please answer this question as to any occasion 
when in the absence of said Reis such experiments 
were made by other persons by means of any instru- 
ments referred to in the 7th interrogatory ? 

To the fifth interrogatory, he saith: I do not know 
what particular instrument is meant by the question in 


7 


‘ this case, although the question seems to presume so. 
I know of several instruments with which Mr. Reis 
made such experiments as are mentioned in the question, 
| during the time I was his pupil. I remember that atter 
edi I left the school I saw Mr. Reis in Frankfort at the 
place of Mr. Albert, a scientific instrument maker. Mr. 
Reis had an instrument there with him, but whether he 
experimented there upon it I do not recollect. I after- 
wards saw him in Frankfort in 1863 or 1864. I recol- 
: lect no experiment at which Mr. Reis was not present 
& and directing. At most of these experiments Philip 

\ Schmidt, a relative of Mr. Reis, was present. He 
usually talked into the instrument. Ernest Horck- 
heimer—Kiister, from Hanau, my brother, Ludwig Mes- 
sel, and Mr. Peter, a musical master, were present on 
different occasions when experiments were made; and 


at some of the experiments the whole class would be 
present, consisting of from ten to twenty-five boys. All 
of the experiments to which I have alluded took place 
at the house of Mr. Reis. 7 

Int. 6. If in answer to the last interrogatory you 
shall have named any occasion or occasions such as are 


in that interrogatory referred to, please state the names 
of all persons present on each occasions, as nearly as 


Tou can remember, and the character and results of the 
y ; 


experiments then carried on, and especially the results 
thereof, so far as they related to the transmission of ar- 
ticulate speech or other vocal sounds, or to the trans- 
mission of sounds other than vocal sounds, and partic- 


ularly whether any articulate words, spoken or sung, 


were sent and received, and the words or sentences, so 


far as you can remember them, and whether such words 
or sentences as you may give were all which were so 
sent and received ? 

To the sixth interrogatory,he saith: In answer to 
previous interrogatory I have stated the occasions when 
the experiments took place, and the persons who were 
present and took part in them, to the best of my recol- 


S 


lection. I recollect distinctly many attempts to trans- 
mit articulated speech, by the instrument used by Mr. 
Reis, with unequal results. Sometimes words and sen- 
tences would be transmitted distinctly ; at other times 
the instrument failed to work and words and sentences. 
would be imperfectly transmitted ; sometimes one or 
two words of asentence would be clearly transmitted 
and occasionally the instrument would transmit no 
words or sounds. I distinctly recollect experiments 
of singing into the instrument; the transmission of mu- 
sical sounds were usually much better given than ordi- 
nary sounds of speech. Mr. Reis had two or three 
songs which were favorite songs to the instrument. I 
recall the names of some of the songs: 


(a) ‘* Wer will unter die Soldat—”’ 
(6) “Ich hatt einem Kameraden—”’ 
(c) ‘‘ Letzte Rose-—” 


I recollect that one of the musical instruments 
used was an instrument having organ pipes; 
and other instruments were also used. There 
was a difficulty experienced in some of these experi- 
ments, from the nearness of the direct sounds. Usually 
the receiver was in the front of the house, and the 
sounds were transmitted through the house and through 
a yard into a room at the back of a yard, a distance of 
about 100 feet. In all cases where the instrument 
worked at all, a person reading a book at the trans- 
mitter would be understood at the receiver—that is, a 
person with a copy of the book used at the receiver 
could easily distinguish and follow the sentences. All 
the sentences used were usually short ones, and these 
could be frequently understood without the assistance 
of a book. Exclamations in German like Halt! Who 
goes there? in English, could be always understood. 
The facility of understanding words depended largely 
upon the loudness of the voice and character of the 


voice and length of the sentence. A high voice, such 
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as boys have, was the most easily understood. A 
screaming sound in the instrument would produce a loud 
noise but without articulation. 

Int. 7. Look at the pictatorial representations here- 
unto annexed and marked , and state whether 
you recognize in any of them representations of instru- 
ments used in any experiments to which you may have 
testified for the transmission of speech or other sounds 
by electricity ; and if you answer yes, state which of 
the drawings you so recognize, and say whether, ae- 
cording to your recollection, such drawings accurately 
show such instruments, or, if any of them differ in any 
way, wherein they differ. If you say that none of the 
instruments shown in these pictatcrial representations 
were used, please describe as nearly as you can the in- 
struments actually used in the experiments concerning 
which you may have testified ? 

To the seventh interrogatory, he saith: I have looked 
at the illustrations. The only instruments I recollect 
having been used in the experiments to which I have 
testified, are the instruments similar to the following: 

1B or 3c, for 1 cannot distinguished any difference 
between them in principle, and 2A and 5A. There were 
several instruments used like 5A, but their connections 
were different. Instruments were experimented with 
similar to 5A, but where the membrane was put ina 
horizontal and not in a vertical position, in some cases 
the membrane pointing upwards and in others pointing 
downwards. I have only a distinct recollection of the 
latter instrument as it differed completely from those 
previously used, having a single point fixed to the 
membrane which just touched a very small cup con- 
taining mercury or some other fluid. What it was I do 
not know. This latter instrument seemed very prom- 
ising. I recollect it on account of its simplicity, but 
cannot give details of the results of its working. There 
were other instruments used, and as a rule the knitting 
needle was placed upon the resonator. I cannot recol- 
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lect any experiment where it was not so placed. Some- 
times a violin was used as a resonator; sometimes an 
empty box. Some of the instruments in use, if the 
current were interrupted, emitted sparks at the re- 
ceiver. This, I recollect, Mr. Reis considered highly 
objectionable and tried to avoid it. Mr. Reis experi- 
mented with quite a number of instruments varying in 
detail but all embodying the same principle, being of 
the same type as 2A or 5A. 

Int. 8. If you shall have answered that you were 
ever present at experiments suchas are referred to in the 
5th, 6th, and 7th interrogatories, and that articulate 
speech or any vocal sounds were transmitted, state 
whether entire sentences were transmitted and received, 
or only single words, and state also, if you can, what 
sentences or words then spoken or sung were heard by 
you at the receiver, and what, if any, were reported by 
others then listening at the receiver ? 

Explain for the information of the Court the respect- 
ive position of the transmitting and receiving instru- 
ments, your position with reference to each, and your 
position with reference to any person who reported any 
words or sentences spoken or sung as having been re- 
ceived ? 

To the eighth interrogatory, he saith: I think I have 
already answered this question in detail. I may add, 
however, that I have myself heard the words of the 
songs I have named, at the receiver, and sentences and 
readings there. I cannot recall the sentences nor name 
the book from which I heard the readings. As I recol- 
lect I believe it was a book of military instructions. I 
have already stated the position of the instrument at 
the time of the experiments and have testified to only 
what I saw myself with regard to the sparks, and what 
I heard myself at the receiver, or spoke myself at the 
transmitter. I have testified to nothing based upon 
other people’s reports upon the instruments or about 
the experiments, except as to the report of the person 
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at the transmitter of what I spoke at the receiver, or 
at the receiver what I heard at the transmitter. 

Int. 9. State also if you saw the said Reis use any 
water or other fluid in or about his apparatus, or any 
part thereof, and particularly how the same was used, 
and for what purpose, if you know ? 

To the ninth interrogatory he saith: I have already 
stated that in some of the experiments he used mer- 
cury or some other liquid. I don’t remember that Mr. 
Reis ever stated why he used mercury or any other 
liquid. 

Int. 10. Do you know or can you set forth any other 
matter or things which may bea benefit or advan- 
tage to the parties at issue in this cause, or either of 
them, or that may be material to the subject of this 
your examination or matters in question in this cause. 
If yea, set forth the same fully and at large in your an- 
swer ? | 

To the tenth interrogatory he saith: I know that 
Mr. Reis’ purposes were to complete an instrument for 
the transmission of articulated speech, and that he re- 
cognized its defects and the reasons for them. 


The complainants objec’ to the direct interrogatories, 
as follows : 

To the Fourth Int. Objected to as incompetent 
and irrelevant; because it is of no importance in law 
what Philipp Reis may have done in Germany, or other 
foreign countries, unless Mr. Bell’s invention or dis- 
covery had been patented or described in some printed 
publication. 

To the Fifth Int. Same objection. 

To the Sixth Int. Same objection. 

To the Seventh Int. Same objection. 

To the Kighth Int. Same objection; and further 
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because the last paragraph is leading, and calculated to 
instruct the witness to describe an operation which 
neither Reis nor any other person who ever saw his 


telephone ever described in any publication, or sug- 
gested, even when Reis himself gave the most ample 
explanations of his apparatus and its operation. 
DiIckERSON & DICKERSON, 
Complainants’ Solicitors. 


By J. J. S. 


CROSS-INTERROGATORIES. 


x-Int. 1. In what year were you born; and what is 
your profession or occupation ? 

To the first cross-interrogatory he saith: I was 
born January 4th, 1848. I received the degree of Ph. 
D. at the University of Tiibingen. I am at present a 
chemical manufacturer in London. 

x-Int. 2. Are you the same person who wrote a letter 
to Professor Sylvanus P. Thompson, dated April, 1883, 
and published in the book entitled ‘‘ Philipp Reis, In- 
ventor of the Telephone ?” | 

To the second cross-interrogatory he saith: Yes. 

x-Int. 3. Do you know anything more now about 
what Reis did than when you wrote that letter ? 

To the third cross-interrogatory he saith: No, but 
I may not have put all I knew about what Reis did in 
that letter. I have not that letter with me in this office 
to refer to. 

x-Int. 4. Were you not a schoolboy at the Garnier 
Institute, between 1860 and 1862, when you think you 
saw what you have stated about Reis and his tele- 
phone ? 

To the fourth cross-interrogatory he saith: Yes. 

x-Int. 5. In that letter you state: “I was, however, 
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very young, and am sorry that much that I then saw 
and heard has been forgotten.” Is not that true? 

To the fifth cross-interrogatory he saith: Yes. 

x-Int. 6. Under what circumstances did you write that 
letter ? 

To the sixth cross-interrogatory he saith: Professo1 
Thompson asked me what information I could give him, 
and in response I wrote the letter, and was anxious to 
state allI knew for the honor of Mr. Reis, my tutor 
and friend. 

x-Int. 7. Did Prof. Thompson inform you that he was 
employed by persons charged as infringers of patents 
for the telephone, and that he was making up a book in 
their interest to aid in their defense ? 

To the seventh cross-interrogatory he saith: No. 

x-Int. 8. Have you not seen a Mr. Stetson, from the 
United States, on the subject ? 

To the eighth cross-interrogatory he saith: No; I 
have seen no person, and no person has seen me in re- 
gard to any lawsuit. 

x-Int. 9. Did he not inform you that he was employed 
by the Government of the United States to assist in 
proving that Reis, and not Bell, was the inventor of 
the telephone ; or had you not heard that such was his 
purpose ? 

To the ninth cross-interrogatory he saith: No; but 
Mr. Thompson asked me last summer (1886) if I was 
prepared to go to the United States to testify what I 
knew about the Reis telephone. He said that the 
American Government desired information about the 
Reis telephone, and I told him that I had other en- 
gagements and would not like to go. 

x-Int. 10. State fully what he did inform you as to 
his employment and his object in seeing you ? 

To the tenth cross-interrogatory he saith: As I have 
said before, Mr. Stetson never saw me. 

x-Int. ll. You say in that letter: ‘We had a book, 
and were to find out what part of the page the reader 
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was just transmitting. We frequently used a sort of 
‘Exercier Reglement ’—a soldier’s instruction book, or 
something of that kind.” Who do you refer to by the 


word “‘ we” ? 

To the eleventh cross-interrogatoty he saith: Mr. 
Reis, Philip Schmidt, his brother-in-law, and myself. 

x-Int. 12. Is not this the performance which you in- 
tend to describe, namely, a person was reading a book 
at one end of the line, and others were at the other end 
with a similar book, following the reader as the words 
were delivered to them by the receiver ? 

To the twelfth cross-interrogatory he saith: Yes; of 
course it is, although I cannot say whether the man at 
the other end had a book or extracts from a book. I 
could not see him. 

x-Int. 15. Describe just how these readings, which 
you say were frequently performed, were done. Who 
was the reader and who were the listeners? In what 
place was the transmitter, and in what the receiver. 
Did the listeners stand around the table where the in- 
strument was, or were they seated? Were these a part 
of school exercises or only done on holidays ? 

To the thirteenth cross-interrogatory he saith: Philip 
Schmidt at one end usually read or spoke or sang. 
Sometimes I did. Usually, when the experiment was 
a transmission of words, sentences and singing, when no 
instrument was required, the transmitter was in a small 
house at the back of the garden of Mr. Reis’ house, and 
the receiver was in the large room next to the physical cab- 
inet in the front of Mr. Reis’ house. The transmitter and 
receiver were about one hundred feet apart, as I have 
said before. The listeners stood around the table where 
the instrument was. There were three classes of ex- 
periments—one 10 the class, one to three or four of the 
pupils who received private lessons from Mr. Reis— 
Horckheimer, Kiister, Schmidt and myself—and the 
third on occasions when I was alone with him and P. 
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Schmidt in these experiments. No experiments ever 
took place on holidays. 

x-Int. 14. You say that ‘“ To make matters worse, the 
early transmitter had no adjusting screws, and the con- 
tact was only regulated by a piece of bent wire, and the 
hammer was fixed to the membrane.” How did you 
find out that these peculiarities “‘ made matters worse.” 
Did Reis tell you at the time that these were defects or 
did you discover 1t for yourself ? 

To the fourteenth cross-interrogatory he saith: I 
knew that these things made matters worse, because 
other experiments of Mr. Reis remedied them. I don’t 
know whether I discovered them myself or Mr. Reis 
told me of them. I don’t remember. 

x-Int. 15. As you understand it, when Reis made the 
operative parts of his instruments himself, after 1862, 
when you left the school, and when he had them made 
for sale by Albert, to whom you refer; did he apply the 
‘adjusting screw” to the instrument, and so remedy the 
defect ; and if so, can you refer to any description of 
any of the perfected instruments on sale to the public 
either by Albert or others in which the defects before 
1862 were remedied ? 

To the fifteenth cross-interrogatory he saith: My 
knowledge of instruments made by Mr. Reis after 1862 
or 1863, after I left Friedrichsdorf, is derived from see- 
ing instruments said to be made by him, and through 
published illustrations of instruments said to be made 
by him. I know some of Reis’ instruments made after 
1862 (1862) had an adjusting screw. I don’t know 
whether this screw remedied the previous defects or 
not. 

x-Int. 16. In your letter you say in respect to one 
of the instruments which you think you remember, 
when you -vere a schoolboy, twenty or more years be- 
fore, that ‘ The apparatus started off with splendid 
results, but may probably have been abandoned on ac- 
count of its great uncertainty, thus sharing the fate of 
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others of his earlier instruments.” Which were the 
other instruments he abandoned, and which were those 
he brought to perfection, as vou suppose ? 

To the sixteenth cross-interrogatory he saith: He 
seems to have abandoned all his earlier forms, and en- 
deavored to perfect the instrument in the forms in 
which it is now known as Reis’ telephone. 

x-Int. 17. In your letter you say: “I am sorry 
that owing to the lapse of time, Iam unable to throw 
more light on Reis’ original labor in a field of physical 
science which promised so much forthe future ; but in- 
sufficient as are my recollections, they may not be with- 
out public interest, and at any rate I am glad of this 
opportunity of offering my humble tribute of regard 
and affection to the memory of my old teacher and 
friend.” Does that represent your present state of 
mind on the subject ? 

To the seventeenth cross-interrogatory he saith: It 
does. 

x-Int. 18. In your letter you say that one form of 
instrument was ‘one which Reis based great hopes 
upon. The instrument was very rough, however, con- 
sisting of a wooden bung of a beer barrel (which I had 
hollowed out for an earlier telephone—it was not turned 
inside like others), and this we closed with a membrane. 
The favorite ‘ Hiimmerchen’ was replaced by a straight 
wire, fixed in the usual way with sealing-wax, and the 
apparatus stood within a sort of tripod, membrane 
downwards, the pin just touching the surface of a drop 
of mereury contained in a small cup forming one of the 
terminals of the cireuit. The apparatus started off 
with splendid results, but may probably have been 
abandoned on account of its great uncertainty, thus 
sharing the fate of other of his earlier instruments.” 
This statement is accompanied by a sketch as follows : 

Is there any published account of this experiment 
before 1876, that you know of ; and if you say there is, 
name it and annex a copy ? 
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To the eighteenth cross-interrogatory he saith: I am 
not aware of any published accounts, and this is the 
reason why [ called attention to it. 

x-Int. 19. Was not this form superseded by better 
forms before the exhibition of Reis in 1861 ? 

To the nineteenth cross-interrogatory he saith: I 
cannot say, but I am sure this other instrument was 
used after 1861. 

x-Int. 20. If you should say that Reis used water in 
his transmitter, will you explain how he prevented it 
from wetting the stretched membrane and destroying 
its elasticity ? 

To the twentieth cross-interrogatory he saith: I only 
know of the use by Reis of some sort of liquid. I can- 
not say what it was. This liquid was placed as shown 
in drawing by me made on Exhibit A, and I don’t see 
how it could possibly touch the membrane. 

x-Int. 21. Did you ever see any published account 
by Reis, or any other experimenter, of the use of water 
at the contact points of the telephone for any purpose ; 
and if so, in what publication did you see it, and annex 
a copy of it? 

To the twenty-first cross-interrogatory he saith: I 
never saw any such publication. 

x-Int. 22. Isn’t it certain that if water were availed 
ut the contact point, it would be scattered at once by 
the vibration of the membrane and wet it, and also be 
decomposed by the current of electricity passing 
through it at that point ? 

To the twenty-second cross-interrogatory he saith: I 
never made the experiment. 

x-Int. 23. Who first spoke to you on the subject of 
water used by Reis to operate his telephone ? 

To the twenty-third cross-interrogatory he saith : No 
person ever snoke to me about it, to the best of my re- 
collection, and I don’t know that he used water. I 
have not undertaken to state what the liquid was. I 
don’t know. 
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x-Int. 24. Have any of these questions been shown 
to you, or have you read, or heard read, any of them, 
or have their contents or effect been stated to you by 
any person before they were propounded to you on the : 
examination one by one, and answered by you? 
To the twenty-fourth cross-interrogatory he saith: 


No; I read the questions in German, one by one, and 
did not see any question until the previous ones had 
been answered by me. The questions in English were 
so read to me and so answered by me. 

Examination taken, reduced to writing, and by the 
witness subscribed and sworn to this 17th day of De- 


cember, 1886, before me. 
RupoupeH MESSEL, 
[L. 8. ] Commissioner. 
Exhibit A. No. 1. 
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Membrane. 


— 


Liquid or Mercury. 


————- ee 


At the execution of a commission for the examina- 
tion of witnesses between American Bell Telephone ef ‘ 
al., Complainants, vs. New Jersey Telephone Co, eé al., 
Defendants, this exhibit numbered 1, and hereto annexed, 
was produced and shown to Rudolph Messel, and by 
him deposed unto, and subscribed by him at the time 
of his examination before Thomas M. Waller, Commis- 
sioner. 
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Names of parties in this suit not filled out when I 
signed this, nor do I know who they are. My signa- 
ture stands only for above sketch. 

RupoueH MESSEL, 
Witness. 
17 | 12 | 86. 


KINGDOM OF GREAT BRITAIN AND IRELAND, ) 
~—? 
‘ity of London, England. 


I, THomas M. Water, Consul-General of the United 
States of America, at London, England, do hereby cer- 
tify that Rudolph Messel, the witness, personally ap- 
peared before me at my office, No. 12 Saint Helen’s 
Place, Bishopsgate street, in the City of London, Eng- 
land, on the 17th day of December, 1886, and after 
being duly sworn to testify the truth, the whole truth 
and nothing but the truth, did depose to the matters 
contained in the foregoing deposition, and did in my 
presence subscribe to the deposition and endorse the 
exhibit to which he testified. And I further certify 
that I have subscribed my name to each half sheet and 
to the exhibits. I also further certify that said depo- 
sition was carefully reduced to writing by Alfred Nut- 
ting, a disinterested person, appointed by me as clerk for 
that purpose. 


In witness whereof I have hereunto set my 
hand and affixed my official seal, at Lon- 
don aforesaid, this 18th December, 1886. 

(Signed) Tuomas M. WALLER, 
: Commissioner. 


Deposition of Philipp Schmidt, a witness, produced, 
sworn and examined the fourteenth day of December, 
in the year one thousand eight hundred and eighty- 


20 


six, at Bremen in the Empire of Germany, under and 
by virtue of a commission issued out of the Circuit 
Court of the United States for the District of New Jer- 
sey, in a certain cause therein depending and at issue, 
wherein the American Bell Telephone Company and 
others are plaintiffs, and the New Jersey Telephone 
Company and others are defendants. 

Puitipp Scumipr, of Wilhelmshaven, Germany, 
paymaster in the Imperial German Navy, aged 39 years 
and upwards, being duly and publicly sworn, pursu- 
ant to the directions hereto annexed and examined on 
the part of the defendants, doth depose and say as fol- 
lows : 

Int. 1. Please state what is your name, age, residence 
and occupation ? 

First. To the first interrogatory he saith : 

Mein Namen ist Johann Philipp Schmidt, ich bin 39 
Jahre alt, ich bin Zahlmeister der Kaiserlich-Deutschen 
Marine, und zu Wilhelmshafen ansiissig. 

My name is Johann Philipp Schmidt; I am 39 years 
old, Paymaster in the Imperial German Navy, and I live 
at Wilhelmshafen. 

Int. 2. Were you acquainted with the late Philipp 
Reis, of Frankfort, Germany ? 

SeconD. To the second interrogatory he saith: 

Ich war mit dem verstorbenen Philipp Reis bekannt, 
er war mein Schwager. 

SeconD. ‘To the second interrogatory he saith: I 
was acquainted with the late Philipp Reis; he was my 
brother-in-law. 

Int. 3. If to the last interrogation you answer yes, 
state if you know, what was the occupation of the said 
Reis during the years 1859 to 1874, inclusive, or dur- 
ing any portion of that period in which you had knowl- 
edge of the matters now inquired about ? 

Tuirp. To the third interrogatory he saith : 

Philipp Reis war Lehrer an der Lehranstalt Garnier 
zu Friedrichsdorf, bei Frankfurt a-M. Ich wohnte in 
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seinem Hause daselbst von 1859 bis 1864, beide Jahre 
eingeschlossen. Ph. Reis war Lehrer der franzos- 
ischen Sprache, der Physikund Chemie zu jener Zeit. 
Er beschiiftigte sich in seinem Hause sehr viel mit phy- 
sikalischen Experimenten, und construirte in den oben 
bezeichneten Jahren einen Apparat, den er mit dem 
Namen ‘Telephon bezeichnete. Ich experimentirte 
selbst mit, und half meinem Schwager Reis bei seinen 
Versuchen. 

Tuirp. To the third interrogatory he saith: Philipp 
Reis was teacher in the Garnier Institute, at Fried- 
richsdorf, near Frankfort-on-the-Main. I lived at his 
house in that place from 1859 to 1864, both years in- 
cluded. Philipp Reis was at that time teacher of the 
French language, physics, and chemistry. He was oc- 
cupied very much at home with physical experiments, 
and he constructed in the above-mentioned years an 
apparatus which he called telephone. [ myself ex- 
perimented with and helped my brother-in-law Reis in 
his experiments. 

Int. 4. Do you know whether the said Reis was en- 
gaged during that period, or at any portion of that 
period, in experiments having in view the transmission 
of articulate speech, or other sounds, by means of elec- 
tricity. If you answer yes, and that he was so en- 
gaged in respect to either or both of the subjects 
named, please state how you know the fact ? 

Fourtrn. To the fourth interrogatory he saith : 

Ja. Die Beantwortung dieser Frage ergiebt sich aus 
der Beantwortung der letzten Frage. Es wurde durch 
Philipp Reis mit derTransmission von artikulirter Sprache 
und anderen ‘Tone vermittelst Electricitiit experimen- 
tirt. Ich habe dabei meistens als Sprecher fungirt und 
musste mir einfallende Siitze in den Sende-Apparat hin- 
einsprechen, wie z. B., ‘“ Guten Morgen, Herr Fischer,” 
‘ Das Pferd frisst Gurkensalat,” u. a.m. Nach einem 
solchen Versuch hat Herr Ph. Reis diese Sitze mir 
wiederholt, zum Beweise, dass er sie vermittelst des Ap- 
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parates wohl verstanden und vernommen habe. Die 
Experimente fanden statt aus einem geschlossenen Raum 
im Wohnhause von Ph. Reis in Friederichsdorf nach 
einem geschlossenen Raum in der Scheune, jenseits des 
Hofes des Wohnhauses belegen. Die Entfernung kann 
ich nicht genau angeben, sie mag vielleicht ungefahr 50 
Meter oder mehr vom Sende-Apparat zum Sprech-Ap- 
parat gewesen sein. Die Versuche fanden abwechselnd 
zwischen uns statt, d.h. Philipp Reis sprach in den 
Sende-Apparat und ich hérte seine Worte am Sprech- 
Apparat, oder ich sprach, was meistens der Fall sein 
musste, u. mein Schwager Reis lauschte am Sprech- 
Apparate auf meine Worte, die wir zur Controlle spiiter 
cvecenseiltig austauschten. Ph. Reis lauschte meisten- 
teils am Sprecher-Apparat, um die Leistungsfihig- 
keit desselben zu erproben, Fehler zu entdecken, u. Ver- 
besserungen an demselben zu ersinnen. 

FourtH. To the fourth interrogatory he saith: Yes. 
The answer to this question is included in the answer 
to the last question. Experiments in the transmission 
of articulate speech and other tones by means of elec- 
tricity were made by Philipp Reis. I was in these ex- 
periments mostly occupied as speaker, and had to 
speak into the transmitter casual sentences, as for ex- 
ample, ‘Good morning, Mr. Fisher,” ‘The horse eats 
cucumber salad,” ete. After such an experiment Mr. 
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Reis would repeat to me these sentences to show that he 
had, by means of the apparatus, heard and recognized 
them. The experiments took place between a closed 
room in the dwelling house of Philipp Reis in Fried- 
richsdorf, and a closed room in the shed situated 
across the court of the dwelling house. I cannot 
give the exact distance; it was perhaps about fifty 
metres or more from the transmitter to the receiver. 
The experiments took place alternately between us, 
that is, Philipp Reis spoke into the transmitter and I 
heard his words at the receiver, or I spoke, which was 
generally the case, and my brother-in-law Reis listened 
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at the receiver to my words; these we afterward com- 
pared together. Philipp Reis listened mostly at the 
transmitter in order to test the efficiency of the ap- 
paratus, to discover faults and to contrive improve- 
ments in the apparatus. 

Int. 5. Were you, during the period above named, 
ever present when the said Reis, or any other person in 
his presence, experimented with any apparatus in 
transmitting or attempting to transmit speech or other 
sounds. If you shall answer yes, please state on how 
many occasions, if more than one, at what time or 
times and place or places, as nearly as you can remem- 
ber. Please answer this question as to any occasion 
when in the absence of said Reis such experiments 
were made by other persons by means of any instru- 
ments referred to in the 7th interrogatory ? 

Firrx. To the fifth interrogatory he saith : 

Ja, ich war hiiufig zugegen, wie sich das aus meinen 
bisherigen Antworten ergiebt. Die Versuche fanden 
wiederholt und an verschiedenen Tagen und Jahres- 
zeiten statt, weil das Bestreben meines Schwager Reis 
darauf hinausging, seine Erfindung zu vervollkommnen. 
Diese Versuche fanden statt in den Jahren 1859 bis 
1864, und zwar im Hause von Ph. Reis in Friederichs- 
dorf. Derselbe hat seine Erfindung im Physikalischen 
Verein zu Frankfurt a. M. durch einen Vortrag er- 
liutert, seinen Apparat gezeigt, und in Thiitigkeit 
gesetzt, wobei ich den Sprecher abgab. Der Raum, 
wo der Vortrag statt fand, und wo der Sprech- 
Apparat sich befand, wurde von mir gar nicht betreten, 
Der Raum, in welchem ich mit dem Sende-Apparat 
mich befand—so glaube ich zu erinnern—lag in einem 
anderen Hause, als der Zuho6rer Raum, und fiihrte die 
Leitung des Apparates durch emen Garten. I glaube 
der Vortrag fand im Jahre 1863 statt. Einen ihnilichen 
Vortrag hielt Philipp Reis in demselben Jahre auf einer 
Naturforscher Versammlung zu Giessen. Den letzten 
Satz dieser Frage glaube ich dahin beantworten zu 
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kénnen, dass ich mich nicht erinnere, dass in der Ab- 
wesenheit meines Schwagers Reis irgend einem An- 
deren gestattet gewesen sei, mit dem von Ph. Reis er- 
fundenen Apparat Versuche anzustellen. 

Firru. To the fifth interrogatory he saith: Yes; I 
was present, as already appears from my former 
answers. The experiments took place repeatedly, both 
on different days and different seasons of the year, be- 
cause the object that my brother-in-law Reis had in 
view was to perfect his invention. These experiments 
took place in the house of Philipp Reis, in Friedrichs- 
dorf, in the years 1859 to 1864. Reis, in a lecture before 
the Physikalische Verein of Frankfort-on-the-Main, de- 
scribed his invention, showed his apparatus, and put it 
in operation, I being the speaker at the transmitter. I 
did not enter the room where the lecture took place, 
and where the receiver was. The room in which I was 
stationed with the transmitter, as near as I can remem- 
ber, was in a separate house from the lecture room, and 
the connecting wire of the apparatus passed through 
the garden. I think the lecture took place in the year 
1863. Philipp Reis delivered a similar lecture in the 
same year before the Assembly of Natural Scientists at 
Giessen. ‘T'o the last sentence of this question I think 
[ can answer that I do not remember, that in the ab- 
sence of my brother-in-law Reis, any person whatever 
was allowed to experiment with the apparatus invented 
by Philipp Reis. 

Int. 6. If, in answer to the last interrogatory you 
shall have named any occasion or occasions such as are 
in that interrogatory referred to, please state the names 
of all persons present on each occasion, as nearly as 
you can remember, and the character and results of the 
experiments then carried on, and especially the results 
thereof so far as they related to the transmission of ar- 
ticulate speech or other vocalsounds ; orto the transmis- 
sion of sounds other than vocal sounds, and particularly 
whether any articulate words, spoken or sung, were 


sent and received ; and the words and sentences, so far 
as you can remember them, and whether such words 
or sentences as you may give were all which were so 
sent and received ? 

SrxTH. To the sixth interrogatory he saith : 

Ich kann. [Ihnen keine Personen nahmhaft machen, 
welche den Vortriigen und Versuchen von Ph. Reis im 
Physikalischen Verein zu Frankfurt a. M., oder auf der 
Naturforscher Versammlung zu Giessen beiwolnten, 
da ich den Zuhoérer-Raum nicht betreten habe. Ich 
musste bei dem Sende-Apparat bleiben. Indessen bei 
den Versuchen in der Wohnung des Herrn Ph. Reis 
in Friedericlisdorf, waren unter Anderen ofters zugegen 
die derzeitigen Lehrer an dem Lehr-Institut Garnier 
daselbst, namens Holt und Hausser. Andere waren zu- 
vegen, deren Namen ich mich nicht erinnere. Ich be- 
ziehe mich im iibrigen auf die bereits gegebenen Ant- 
worten, die ich nur bestiitigen kann. Ich sang z. B. die 
Melodien folegender Lieder: ‘‘ Wer will unter die 
Soldaten,” &e.: ferner, “Ich hatte einen Kameraden,”’ 
&e., und “ Morgenroth, leuchtest mich zum friithen Tod,” 
«&e., und andere Lieder durch den Sende-Apparat. Die 
Melodien wurden am Sprech-Apparat, wie mir ver- 
sichert wurde, deutlich vernommen und verstanden. 
Viele andere Siitze und Lieder, als die von mir bereits 
bezeichneten, wurden gesprochen, resp. gesungen, doch 
kann ich mich nicht mehr aller erinnern. 

SixTH. To thesixth interrogatory he saith: I can- 
not mention by name any person who was present at 
the lectures and experiments of Philipp Reis in the 
Physikal Verein of Frankfort or the Assembly of Nat- 
ural Scientists at Giessen, as I did not enter the 
lecture-room. I had to remain at the transmitter. 
But in the experiments at the house of Mr. Philipp 
Reis in Friedrichsdorf, there were, among others often 
present, Messrs. Holt and Hausser, at that time teach- 
ers at the Garnier Institute. There were others 
present whose names I cannot recall.’ For the rest I 
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refer to the answers already given, which I can confirm. 
I sang, for example, the melodies of the following songs, 
into the transmitter : 

“ Who will be a soldier,” ete. ; and “ I had a com- 
rade.” ‘‘ Morning dawn, thou lightest me to an early 
death,” and other songs. The melodies were, as I was 
assured, clearly heard and understood at the receiver. 
Many other sentences and songs besides those already 
designated by me were spoken and sung, but I cannot 


now recall all of them. 
Int. 7. Look at the pictorial representations here- 


unto annexed and marked , and state 
whether you recognize in any of them representations 
of instruments used in any experiments to which you 
may have testified for the transmission of speech or 
other sounds by electricity; andif you answer yes, 
state which of the drawings you so recognize, and say 
whether, according to your recollection, such drawings 
accurately show such instruments; or, if any of them 
differ in any way, wherein they differ. If you say that 
none of the instruments shown in these pictorial rep- 


resentations were used, please describe as nearly as 
you can the instruments actually used in the experi- 
uxcnts concerning which you may have testified ? 
-EVENTH. To the seventh interrogatory saith : 
Di» vorliegenden, mit 1 A & 1 B bezeichneten Ab- 
bildunge> ees Telephons sind Abbildungen des letzten 
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von Ph. Keis verbesserten Apparates, dessen Ph. Reis 
sich bediente, als ich noch bei ihm wohnte. Die 
Zeichnung 1 A zeigt den Sende-Apparat u. 1 B den 
Sprech-Apparat. Die 2 A bezeichnete Abbildung 


scheint mir eine Zeichnung eines Apparates zu sein, 


wie ihn Ph. Reis benutzte, bevor er den besseren Ap- 
parat 1 A&1 Bsich angefertigt hatte. Die Abbildungen 
3A,3 Bund3Cscheinen mir ebenfalls Apparate vorzu- 
stellen, wie Ph. Reis sie vor Benutzung von 1 A &*1 B 
erfunden hat. Ich kann mich der einzelnen Ausfiihr- 
ung nach dieser Zeichnung nicht mit vollster Bestimmt- 
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heit entsinnen. Die Abbildungen 4 A & 4 B 
néthigen mich zu einer gleichen Erkliirung, es sind 
nach meinem Dafiirhalten ebenfalls Apparate, die Ph. 
Reis benutzte, bevor er seinen letzten Apparat 1 A & I 
B erfunden hatte. Die Zeichnung-en 5 A & 5 B néthigt 
mich zu einer ganz gleichen Erkliirung, wie bei 4 A & 
4B. Ich glanbe in den Zeichnungen 1 A & 1 B die- 
jenigen Apparate wieder zu erkennen, die in dem Physi- 
kalischen Verein zu Frankfurt a. M., u. auf der Natur- 
forscher Versammlung zu Giessen von Ph. Reis benutzt 
worden sind. Dieselben sind damals auch kiiuflich zu 
haben gewesen. Eine genaue Erklirung der von Ph. 
teis successiven erfundenen Instrumente oder Apparate, 
Telephone von ihm benannt, ist mir nicht méglich, da 
bei den Jahren hindurech dauernden Versuchen ein 
hiiufiger Wechsel der Apparate, Verbesserungen u. 
Aenderungen an denselben statt fanden. 

SEVENTH. ‘To the seventh interrogatory he saith: 
The enclosed drawings of a telephone designated with 
LA 1B are drawings of the latest improved apparatus 
which Philipp Reis used when I lived with him. The 
drawing 1A shows the transmitter and 1B the receiver. 
The drawing marked 2A appears to me to be a drawing 
of an apparatus such as Philipp Reis used before he had 
made his improved apparatus. The drawings 3A, 3B 
and 5C, appear to me also to represent apparatus that 
Philipp Reis had invented before using 1A and 1B. I 
cannot recall the separate details of this drawing with 
complete certainty. The drawings 4A and 4B require 
from me the same explanation. They are also in my 
opinion apparatus which Philipp Reis used before he 
had invented his last apparatus 1A and 1B. The draw- 
ings 5A and 5B require of me just the same explanation 
us 4A and 4b. I think that I recognize in the draw- 
ings LA and 1B the apparatus which were used by 
Philipp Reis in the Physikal Verein at Frankfort-on- 
the Main, and at the Assembly of Natural Scientists at 
Giessen. The same are also to be had on sale. I can- 
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not give an exact description of the instruments or ap- 
paratus successively invented by Philipp Reis and called 
by him telephones, since, in the experiments, extending 
over aterm of years, frequent changes of the apparatus, 
improvements and modifications were made. 

Int. 8. If you shall have answered that you were ever 
present at experiments such as are referred to in the 
5th, 6th and 7th interrogatories, and that articulate 
speech or any vocal sounds were transmitted, state 
whether entire sentences were transmitted and received, 
or only single words, and state also, if you can, what 
sentences or words then spoken or sung were heard by 
you at the receiver, and what, if any, were reported by 
others then listening at the receiver ? 

Explain for the information of the Court the respect- 
ive position of the transmitting and receiving instru- 
ments, your position with reference to each, and your 
position with reference to any person who reported any 
words or sentences spoken or sung as_ having been re- 
ceived. | : 

Eiautru. To the eighth interrogatory he saith: 

Diese Frage habe ich bereits durch die fritheren 
Fragen zum gréssten Theil erledigt. Ph. Reis hat 
hanfig dieselben Redensarten benutzt, wie ich, wenn er 
am Sende-Apparat isprach u. ich am Sprech-Apparatt 
lauschte. Ich habe dann alles Gesprochene deutlich 
vernommen. Auf den zweiten Satz dieser Frage kann 
ich nur erwiedern, dass die Apparate auf Tischen 
standen, und die Sprechenden resp. Lauschenden vor 
den betreffenden Apparaten sassen auf Stiihlen. 

Kicuru. To the eighth interrogatory he saith: This 
question I have already mostly answered in the former 
questions. Philipp Reis often used the same expres- 
sions as I when he spoke to the transmitter, and I lis- 
tened at the receiver. On such occasions I clearly 
understood all that was spoken. To the second sen- 
tence of this question I can only answer that the ap- 
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paratus stood on tables and those speaking and _ listen- 
ing sat in front of the respective apparatus in chairs. 

Int. 9. State also if you saw the said Reis use any 
water or other fluid in or about his apparatus, or any 
part thereof, and particularly how the same was used, 
and for what purpose, if you know? 

Nintu. To the ninth interrogatory he saith : 

Ich habe nie bemerkt, dass Ph. Reis eine Fliissigkeit 
um seinen oder in seinem Apparat benutzt hat. Je- 
denfalls entsinne ich mich dessen nicht. 

NintuH. To the ninth interrogatory he saith: I have 
never noticed that Philipp Reis used a liquid in or 
about his apparatus, at least I do not remember it. 

Int. 10. Do you know, or can you set forth, any 
other matter or things which may be a benefit or ad- 
vantage to the parties at issue in this cause, or either 
of them, or that may be material to the subject of this 
your examination or the matters in question in this 
cause. If yea, set forth the same fully and at large in 
your answer ? 

TENTH. Diese Frage muss ich verneinen. 

TentH. To the tenth interrogatory he saith: To 
this question I must answer no. 


The complainants object to the direct interrogatories 
as follows: 

To the Fourth Int. Objected to as incompetent and 
irrelevant ; because it is of no importance in law what 
Philipp Reis may have done in Germany or other for- 
eign countries, unless Mr. Bell’s invention or discovery 
had been patented or described in some printed publi- 
cation. | 

To the Fifth Int. Same objection. 

To the Sixth Int. Same objection. 

To the Seventh Int. Same objection. 
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To the Eighth Int. Same objection ; and further, 
because the last paragraph is leading, and calculated to 
instruct the witness to describe an operation which 
neither Reis nor any other person who ever saw his tel- 
ephone ever described in any publication, or suggested, 
even when Reis himself gave the most ample explana- 
tions of his apparatus and its operation. 

DicKERSON & DICKERSON, 
Complainants’ Solicitors, 


By J.J.S. 


CROSS-INTERROGATORIES. 


x-Int. 1. In what year were you born ? 

First. To the first cross-interrogatory he saith : 

Ich bin im Jahre 1847 geboren. 

First. To the first cross-interrogatory he saith: J 
was born in the year 1847. 

x-Int. 2. What is your present occupation and how 
long have you been engaged in it ? 

SEecoNnD. To the second cross-interrogatory he saith : 

[ch bin Kaiserl-Deutscher Marine Zahlneister und 
als solcher seit 1877 angestellt ; in untergeordneter Stel- 
lung bin ich 1875in die Marine Verwaltung eingetreten. 

Sreconp. To the second cross-interrogatory he saith : 
[am Imperial German Marine Paymaster, and as such 
employed since 1877. I[ entered the navy in a subordi- 
nate position in 1875. 

x-Int. 3. What was your occupation and where did 
you reside from 1860 to 1864 ? 

Tuirp. To the third cross-interrogatory he saith : 

Ich war Schiiler in der Lehranstalt Garnier zu Fried- 
erichsdorf, bei Frankfurt a. M. bis zum Jahre 1868, u. 
wohnte bei meinem Schwager Ph. Reis daselbst in der 
Zeit von 1859 bis 1864. Als ich die Schule verlassen 


hatte, trieb ich Privat Studien, und wohnte bei meinem 
Schwager. 

Tuirp. To the third cross-interrogatory he saith: I 
was a scholar in the Garnier Institute at Friedrichs- 
dorf, near Frankfort-on-the-Main, until the year 1863, 
and lived there with my brother-in-law, Philipp Reis, 
in the time from 1859 to 1864. After I left the school 
I took private lessons and lived with my brother-in- 
law. 

x-Int. 4. When were you first asked to testify about 
the Reis machine, and by whom ? 

FourtuH. To the fourth cross-interrogatory he saith : 

Gerichtlich wurde ich niemals aufgefordert, Zeugen- 
schaft iiber die Reis’schen Apparate abzulegen. 

Fourtu. To the fourth cross-interrogatory he saith : 
I was never legally summoned to give testimony in 
reference to the Reis apparatus. 

x-Int. 5. Did not Mr. Stetson, of the United States, 
talk with you on the subject during the last year? 

Firru. To the fifth cross-interrogatory he saith : 

Herr Stetson hat mich zwei Male besucht, und tiber 
den Reis’schen Apparat befragt. Ich glaube, es war 
zuerst in 1884, und zuletzt in dem Friihjahr dieses 
Jahres, 1886. Herrn Stetson habe ich gleiche Er- 
klirungen, wie heute, gegeben, soweit ich mich dessen 
erinnern kann. Zeichnungen oder Abbildungen von 
Telephon-Apparaten hat derselbe mir nicht vorgezeigt. 

Fiera. To the fifth cross-interrogatory he saith: 
Mr. Stetson has twice visited me and questioned me 
in reference to the Reis apparatus. I believe the first 
time was in 1884 and the last in the spring of this 
vear, 1886. I gave Mr. Stetson the same explanation 
as I have given to-day, so far asI can recall. He 
never showed me drawings or copies of telephone ap- 
paratus. 

x-Int. 6. Did he not say to you that he represented 
the United States of America in an effort to prove that 
Reis, and not Bell, was the first inventor of the speak- 
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ing telephone, and state fully what he said on the 
subject ? 

SixrH. To the sixth cross-interrogatory he saith : 

Soweit ich mich entsinne, hat Herr Stetson mir nur 
vesagt, dass durch die Regierung der Vereinigten 
Staaten gegen Bell processirt werde. In _ wessen 
Auftrag er (Stetson) gekommen sei, mich zu befragen, 
hat mir derselbe nicht gesagt. Ich entnahm seiner 
Unterhaltung, dass er gekommen sei, zu erforschen, ob 
Ph. Reis, und nicht Bell, der erste Erfinder des Sprach- 
‘Telephon gewesen sel. 

Sixra. To the sixth cross-interrogatory he saith: 
So far as I can remember, Mr. Stetson only said to me 
that a suit had been begun against Bell by the Govern- 
ment of the United States. He, Stetson, did not tell 
me in whose behalf he had come to question me. I 
gathered from his conversation that he had come to 
investigate whether Philipp Reis, and not Bell, was the 
first inventor of the speaking telephone. 

x-Int. 7. If you shall say in your direct examination 
that you had special knowledge of the Reis telephone, 
explain how it happened that you knew more about it 
than Reis, Boettger and other scientific men who pub- 
lished their knowledge on the subject ? 

SEVENTH. Tothe seventh cross-interrogatory he saith : 

Besondere, detaillirte Kenntnisse des Reis’schen 
Telephons habe ich nie gehabt. Ich habe nie einen 
solchen Apparat in seinen LEinzelheiten so genau 
kennen gelernt, um z. B., emen solchen herstellen zu 
kénnen. Die Kenntnisse eines Telephons, wie sie Ph. 
Reis, Bottger und andere Miinner der Wissenschaft 
besessen haben, oder besitzen, habe ich nie mir an- 
geeignet. 

SEVENTH. 'T’o the seventh cross-interrogatory hesaith : 
I never had an especial and minute knowledge of the 
Reis telephone. I have never come to know such an 
apparatus so well that I could, for example, construct 
it. I have never acquired the knowledge of a tele- 


phone to such a degree as Philipp Reis, Boettger and 
other scientific men possessed or possess. 

x-Int. 8. Do you know of any publications made be- 
fore 1876 which gave to the world the information you 
now think you then had, and if so, name them and pro- 
duce copies ? 

Eiautu. To the eighth cross-interrogatory he saith : 

Im Jahrgange 1863 der Gartenlaube ist ein Aufsatz 
ttber Telephone erschienen. Andere Publikationen 
iiber Telephone sind mir nicht bekannt, um sie bezeich- 
nen zu koénnen. 

Eiaura. To the eighth cross-interrogatory he saith: 
In the volume of the ‘* Gartenlaube ” for 1863, there is 
an article about telephones. I have no knowledge of 
other publications about telephones that I can refer to. 

x-Int. 9. If you should say that you held conver- 
sations through the Reis telephone before 1876, say 
who assisted you, when it was, and describe the appa- 
ratus you used, and where the speaking instrument 
was placed in respect to yourself or the other listeners 
who heard it with you. Was it on the table, and were 
you standing near it? Was it ina public assembly, and 
was it heard by the persons present generally? Where 
was the transmitter, and who talked to it on the occa- 
sion when you heard the conversation or reading ? Were 
the exhibitions published in newspapers or journals ; 
and if so, name the journals and annex copies ? 

Ninru. ‘To the ninth cross-interrogatory he saith : 

Ich habe mit dem Erfinder Ph. Reis, meinem 
Schwager, dessen Apparate benutzt und zwar in den 
Jahren 1859 bis 1864, in seiner Wohnung in Friedrichs- 
dorf, sowie bei Gelegenheit eines Vortrages von Ph. Reis 
in den Physikalischen Verein zu Frankfort, a. M. und 
einem auf der Naturforscher-Versammlung zu Giessen, 
beide im Jahre, 1863. Da ich bei Ph. Reis, dem Er- 
finder wohnte, so zog mich derselbe bei den meisten 
seiner Versuchen mit Telephonen zu Hiilfe. Meistens 
gab ich den Sprecher ab, aber um mir zu zeigen, wie 
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der Apparat functionire, liess mich Reis auch bisweilen 
den Hirer sein. Der eine Apparat befand sich im Wohn- 
hause von Ph. Reis, u. der Andere in der Scheune, jenseits 
des Hofes des Wohnhauses. Die zuletzt benutzten Ap- 
parate waren gleich denen, wovon Sie mir heute Zeich- 
nungen oder Abbildungen mit 1 A und 1 B bezeichnet, 
vorlegten. Die Apparate wurden auf einen Tisch gestellt 
und sprach oder sang ich, davor sitzend, hinein. Der 
Sprech-A pparat stand ebenfalls auf einem Tische und die 
Ho6rer sassen davor, ihr Ohr dem Apparat nihernd, um 
zu héren, was vom Sende-Apparat aus gesprochen oder 
gesungen wurde. In Frankfurt a. M. und Giessen, war 
ich bei den Vortriigen nur Sprecher, und habe ich den 
Saal der Zuhoérer nicht betreten. Ich erinnere mich 
nicht genau der Lokalitiiten in den genannten Orten, 
glaube aber, dass ich im ersteren Orte in einem von 
dem Horersaale durch einen Garten getrennten Lokale 


mit dem Sende-Apparate mich befand. Ich entsinne 
mich, in dem Jahrgange, 1865, der Gartenlaube 
einen Aufsatz iiber Reis’ sche Telephone gelesen zu 


haben. 

Nintu. To the ninth cross-interrogatory he saith: I 
used the apparatus only with its inventor Philipp Reis, 
and in his dwelling in Friedrichsdorf in the years 1859 
to 1864, and also on the occasion of a lecture by Philipp 
Reis before the Physikal Verein in Frankfort-on-the- 
Main, and at a lecture before the Assembly of Natural 
Scientists in Giessen, both in the year 1863. As I lived 
with Philipp Reis, the inventor, he took me with him 
to assist him in the most of his experiments with tele- 
phones. I generally did the talking, but in order to 
show me how the apparatus worked Reis allowed me 
sometimes to listen. One instrument was placed in the 
dwelling house of Philipp.Reis, and the other in the shed 
on the other side of the yard of the dwelling house. 
The instruments used were like those, the drawings of 
which have been shown me to-day, marked 1A and 1B. 
The instruments were placed upon a table, and I sitting 
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in front of the table spoke or sang into them. The 


receiver stood likewise upon a table and the hearers sat 


in front of it bringing their ears near to the instrument 
in order to hear what was spoken or sung into the 
transmitter. At Frankfort and Giessen, | was at both 
lectures only speaker and I did not enter the lecture 
room. I do not exactly remember the situation in the 
above-mentioned places, but I think that I was with 
the transmitter in a place separated from the lecture- 
room by a garden. I only remember to have read in 
the volume of the “ Gartenlaube” for 1863 an article 
about Reis’ telephone. 

x-Int. 10. When did you become connected by mar- 
riage with Reis ? 

TenTH. To the tenth cross-interrogatory he saith : 

Ph. Reis heirathete meine Schwester im Jahre 1858. 

Tentu. To the tenth cross-interrogatory he saith: 
Philipp Reis married my sister in the year 1858. 

x-Int. 11. Explain the manner in which the tests 
were applied in order to know whether listeners 
actually heard what was said, or whether they only 
imagined they heard something. 

ELEVENTH: 'To the eleventh cross-interrogatory he 
saith : 

Ich bin 6fters Hoérer gewesen, doch kann ich keine 
Methode fiir die Lauschenden argeben. Der Lau- 
schende niherte sein Ohr dem Sprech-Apparat. Von 
einer Einbildung oder Tiiuschung der Lauschenden, 
konnte nicht die Rede sein; was dureh den Reis’schen 
Apparat gesprochen oder gesungen wurde, wurde gehort 
und verstanden von den Lauschenden, dariiber kann 
kein Zweifel obwalten. 

ELEVENTH. To the eleventh cross-interrogatory he 
saith: I have often been a listener, yet I cannot indi- 
cate any method for the listeners. The listener brought 
his ear close to the receiver. There was no chance for 
any imagination or self-deception on the part of the 
listener. What was spoken or sung through the Reis 
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instrument was heard and understood by the listeners ; 
of that there can be no doubt. 

x-Int. 12. If you should say that Reis used water in 
his transmitter will you explain how he prevented it 
from wetting the stretched membrane and destroying 
its elasticity. 

Twe.trrH. To the twelfth cross-interrogatory he 
saith : 

Darauf vermag ich nicht zu antworten, u. kann 
dariiber keine Auskunft geben. 

TweLrru. To the twelfth cross-interrogatory he saith : 
This question I cannot answer, and cannot give any in- 
formation about. 

x-Int. 13. Did you ever see any published account 
by Reis, or any other experimenter, of the use of water 
at the contact points of the telephone for any purpose ; 
and if so, in what publication did you see, and annex a 
copy of it. 

THIRTEEENTH. To the thirteenth cross-interrogatory 
he saith. 

Dergleichen sah ich nie. 

THIRTEENTH. To the thirteenth cross-interrogatory he 
saith : I never saw anything of the sort. 

x-Int. 14. Isn’t it certain that if water were applied at 
the contact point it would be scattered at once by the 
vibration of the membrane and wet it, and also be de- 
composed by the current of electricity passing through 
it at that point ? 

FourtEENTH. To the fourteenth cross-interrogatory 
he saith : 

Diese Frage vermag ich nicht zu beantworten. 

FourTEENTH. To the fourteenth cross-interrogatory 
he saith: This question I am not able to answer. 

x-Int. 15. Who first spoke to you on the subject of 
water used by Reis to operate his telephone ? 

FirrEentH. To the fifteenth cross-interrogatory he 
saith : 

Diese Frage vermag ich ebensowenig zu beantworten. 
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FirreentuH. To the fifteenth cross-interrogatory he 
saith: This question also I cannot answer. 

x-Int. 16. Have you ever seen or read,or heard read 
these interrogatories, or has any one stated to you the 
substance of them, or any of them, before they were 
propounded to you one at a time by the examining 
officer, and answered by you ? 


SIXTEENTH. To the sixteenth cross-interrogatory he 


saith : 
Diese Frage beantworte ich mit Nein. 
SIXTEENTH. To the sixteenth cross-interrogatory he 
saith : This question I answer with “ no.” 
(Signed) 
JOHANN PHILiIpp SCHMIDT. 


Examination taken, reduced to writing and by the 
witness subscribed and sworn to this fourteenth day of 
December, A. D. one thousand eight hundred and 
eighty-six, before 

LrEor. STRUBE, 
Commissioner. 


Deposition of Conrad Bohn, a witness produced, 
sworn and examined the 23d day of December, in the 
year one thousand eight hundred and eighty-six, at 
Frankfort, in the Empire of Germany, under and by 
virtue of a commission issued:-out of the Cireuit Court 
of the United States for the District of New Jersey, in 
a certain cause therein depending and at issue, wherein 
the American Bell Telephone Company and others are 
plaintiffs and the New Jersey Telephone Company and 
others are defendants : | 

Conrad Bohn, of Aschaffenburg, Germany, professor 
of physics, aged 55 years and upwards, being duly and 
publicly sworn, pursuant to the directions hereto an- 
nexed, and examined on the part of the defendants, 
doth depose and say as follows : 
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Int. 1. Please state what is your name, age, residence 
and occupation ? 

Fiir seine Antwort auf die erste Frage sagt Zeuge wie 
folgt aus: 

Dr. Konrap Bony, ich bin 55 Jahre alt, bin Profes- 
sor der Physikan der Kgl. Forstschule in Aschaffenburg, 
und bin in Aschaffenburg ansiissig. 

To the first interrogatory he saith: Dr. Conrad 
Bohn ; I am 55 years old, and professor of physics at 
the Royal School Forestry in Aschaffenburg, and live 
in Aschaffenbure. 

Int. 2. Were you acquainted with the late Philipp 
Reis, of Frankfort, Germany ? 

Fiir seine Antwort auf die zweite Frage sagt Zeuge 
wie folgt aus: o 

Ich war mit dem verstorbenen Philipp Reis von 
Frankfurt bekannt. 

To the second interrogatory he saith: I was ac- 
quainted with the late Philipp Reis, of Frankfort. 

Int. 3. If to the last interrogation you answer, yes, 
state, if you know, what was the occupation of the said 
Reis during the years 1859 to 1874 inclusive, or during 
any portion of that period in which you had knowledge 
of the matters now inquired about ? 

Fiir seine Antwort auf die dritte Frage sagt Zeuge 
wie folet aus: 

Ich kannte Hrn. Reis seit 1868. Er war damals 


Lehrer an einer Knaben-Erziehungsanstalt in Fried- 


richsdorf. e 

To the third interrogatory he saith: I knew Mr. i 
Reis from the year 1863. He was at that time teacher Py 
in a boys’ educational institution in Friedrichsdorf. <a 16 


Int. 4. Do you know whether the said Reis was en- 
gaged during that period or at any portion of that 
period, in experiments having in view the transmission 
of articulate speech or other sounds by means of elec- 
tricity ? If you answer yes, and that he was so engaged 
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in respect to either or both the subjects named, please 
state how you know the fact ? 

Fir seine Anwort auf die vierte Frage sagt Zeuge wie 
folgt aus: 

Hr. Reis experimentirte zu jener Zeit in beiden 
Richtungen. 

Ich weiss solches aus eigener Erfahrung ; indem ich 
Ende 1863, oder Anfang 1864 mit Hrn. Reis selbst und 
Anderen, derartige Versuche in Giessen anstellte. 

To the fourth interrogatory he saith: Mr. Reis ex- 
perimented at that time in both directions. I know 
this of my own knowledge, inasmuch as I at the end of 
1863 or the beginning of 1864 made such experiments 
at Giessen in connection with Mr. Reis himself and 
others. 

Int. 5. Were you during the period above named 
ever present when the said Reis or any other person 
in his presence experimented with any apparatus in 
transmitting, or attempting to transmit, speech or other 
sounds ; if you shall answer yes, please state on how 
many occasions, if more than one, at what time or 
times and place or places, as nearly as you can remember. 
Please answer this question as to any occasion when, 
in the absence of said Reis, such experiments were 
made by other persons by means of any instruments re- 
ferred to in the seventh interrogatory ? 

Fiir seine Antwort auf die fiinfte Frage sagt Zeuge wie 
folgt aus : 

Wie in Frage 4 besagt : 

Ja. 

Solche Versuche fanden mindestens zweimal derart 
statt, dass ich sichere Erinnerung daran habe; ich 


wohnte aber noch mehreren solehen bei, die mir nichts 
Neues mehr brachten, und desshalb nicht so fest in 
meiner Erinnerung stehen ; dies war entweder Ende 1863 
oder Anfang 1864 die ersten Male, dann im Friihling 1864, 
und zuletzt im September 1864; die ersten Versuche, 
wei die letzten, fanden im Hause des Hrn. Prof. Buff in 
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Giessen im, von der Universitiit gemietheten Horsaa] 
der Physick statt; einer der unvollkommen in der 
Erinnerung stehenden Versuche, fand im Universitiits- 
Gebiiude zu Giessen statt. (Sitzungslokal des Ober- 
Hessischen Vereins fiir Naturkunde. ) 

Prof. Reis liess seinen Apparat fiir Prof. Buff und 
mich einige Tage in Giessen, und wir machten auch in 
Abwesenheit von Reis Versuche. 

To the fifth interrogatory he saith: Asin my fourth 
answer I have said; yes. 

Such experiments took place at least twice in such a 
way that [ have a clear recollection of them. I was 
also present at other such experiments which added 
nothing to my knowledge, and therefore are not so 
clearly impressed upon my memory. These first occa- 
sions were either in the latter part of 1863 or beginning 
of 1864, then in the spring of 1864, and finally in Sep- 
tember, 1864. The first experiments, as well as the 
last, took place in the house of Prof. Buff in 
Giessen, in the physical lecture room hired from the 
university. One of the experiments, which I only im- 
perfectly remember, took place in the university build- 
ing of Giessen (Assembly room of the Upper Saxon 
Society for Nat. History). Prof. Reis left his appa- 
ratus in Giessen several days with Prof. Buff and myself, 
and we made experiments also in the absence of Reis. 

Int. 6. If, in answer to the last interrogatory, you 
shall have named any occasion or occasions such as are 
in that interrogatory referred to, please state the names 
of all persons present on such occasion as nearly as you 


can remember, and the character and results of the ex- so 

: ° . } 
periments then carried on, and especially the results ~ 
thereof, so far as they related to the transmission of 


articulate speech or other vocal sounds, or to the 
transmission of sounds other than vocal sounds, and 
particularly whether any articulate words, spoken or 
sung, were sent and received; and the words or sen- 
tences, so far as you can remember them; and whether 
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such words or sentences as you may give were all 
which were so sent and received ? 

Fiir Antwort auf die sechste Frage, sagt Zeuge wie 
folet aus : 

Bei den gut in Erinnerung stehenden Versuchen, 
waren gegenwiirtig, und waren als Horer oder Sprecher 
benutzt, Prof. Buff, dessen Tochter (ungefihr dreizehn 
Jahre alt) ein Knabe Thering (dreizehn bis vierzehn 
Jahre alt), Prof. Lange, ich selbst und theilweise Hr. 
Reis. Bei den anderen Versuchen waren Mitglieder 
des Ober-Hessischen Vereins und Mitgheder und 
Theilnehmer der Naturforscher- Versammlung, in grosser 
Zahl ;—Die Versuche erstreckten sich sowohl auf die 
Mittheilung gesungener, als auch lediglich gesprochener 
Worte, und zwar wurden beide zuweilen gut verstanden. 

Ja, sie wurden gesendet und empfangen; es wurde 
deutlich verstanden, das gesungene Lied “ Schlesswig 
Holstein, Meerumschlungen,’—ferner, erinnere — ich 
mich, dass die obengenannten Kinder klagten, es sel 
kalt, u. dass man ihr Lachen deutlich auf die Entfer- 
nung wahrnahm. Es wurden andere Mittheilungen 
noch verstanden und errathen, hinziiglhch welcher, 
meine Erinnerung fiir eine eidliche Ausage, nicht sicher 
genug ist ; ich fiige hinzu, dass selbst wenn die einzelnen 
Worte nicht deutlich genug verstanden wurden, doch 
der Charackter der Mittheilung, ob Frage, ob Antwort, 
u. s. w., zwelfellos erkannt wurde. 

To the sixth interrogatory he saith: In the best re- 
membered experiments there were present and em- 
ployed as listeners or speakers Prof. Buff, his daugh- 
ter (about thirteen years old), a boy named Thering 
(thirteen or fourteen years old), Prof. Lange, myself, and 
at times Mr. Reis. In the other experiments there 
were present in great numbers members of the Upper 
Saxon Society and members and guests of the Assembly 
of Natural Scientists. The experiments extended as 
well to the transmission of sung as of single spoken 
words, and in fact both were well understood. Yes, 
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they were sent and received. The song ‘ Schleswig, 
Holstein Meerumschlungen ” was plainly understood. 
Further, I remember that the children mentioned above 
complained that it was cold, and that their laughing in 
the distance was clearly heard. Other messages were 
also understood and guessed, in regard to which my re- 
membrance is not clear enough for testimony under 
oath; I ould add, moreover, that even when the 
single words were not clearly enough understood, the 
character of the message, whether a question, answer, 
ete., was understood without any difficulty. 

Int. 7. Look at the pictorial representations hereunto 
annexed and marked , and state whether 
you recognize in any of them representations of instru- 
ments used in any experiments to which you may have 
testified for the transmission of speech or other sounds 
by electricity ; and if you answer yes, state which of 
the drawings you so recognize, and say whether, ac- 
cording to your recollection, such drawings accurately 
show such instruments ; or, if any of them differ in any 
way, Wherein they differ. If you say that none of the 
instruments shown in these pictorial representations 
were used, please describe as nearly as you can the in- 
struments actually used in the experiments concerning 
which you may have testified ? 

Fiir seine Antwort auf die siebente Frage, sagt 
Zeuge wie folgt aus : 

Ja. 

Ich kenne Zeichnung la und 1b, ebenfalls 4a und 4b 
an, als darstellend die von mir gekannten und _hin- 
sichtlich ihrer Wirkung gepriiften Telephone. Der in 
den genannten Abbildungen vorhanden “ Alopfer” 
oder “ Anrufe-Apparat,” fehlte bei dem ersten, mir 
vorgekommenen Telephon; bei dem zweiten Apparate, 
war dieser Zusatz angebracht. 

To the seventh interrogatory he saith: Yes, I recog- 
nize the drawings 1A and 16B,as well as 4A and 4B, 
as representing the instruments known to me and 
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| called from their method of operation telephone. The 
4! sounder or signaling apparatus represented in the 
t above-mentioned drawings was wanting in the first 
: telephone which came to my notice, but in the second 
apparatus this addition was made. 
{ Int. 8. If you shall have answered that you were ever 
present at experiments such as are referred to in the 
\ Sth, 6th and 7th interrogatories, and that articulate 
speech or any vocal sounds were transmitted, state 
f whether entire sentences were transmitted and received 
| or only single words, and state also, if you can, what 
. - sentences or words then spoken or sung were heard by 
" you at the receiver, and what, if any, were reported by 
others then listening at the receiver. Explain, for the 
information of the Court, the respective position of the 
transmitting and receiving instruments, your position 
with reference to each, and your position with reference 
to any person who reported any words or sentences 
spoken or sung as having been received ? 

Fiir seine Antwort auf die achte Frage, sagt Zeuge 
wie folgt aus : 

Es wurde versucht ganze gesprochene Siitze zu iiber- 
mitteln, auch Lieder grisserer Liinge, und verschiedene 
Strophen derselben ; es wurde, selbst bei den best ge- 
lungenen Versuchen, bei denen ich als Hoérer thiitig 
war, nicht jedes einzelne Wort deutlich verstanden, 
doch konnte aus den verstandenen Worten in manchen 
Fiillen der Satz durch Errathen ergiinzt werden. Ich 
hérte die Worte des Liedes “ Schlesswig Holstein ”’— 
das Wort “ kalt ” in dem Siitzchen ‘ Es ist kalt hier !” 


i andere sind mir fiir e¢/liche Versicherung nicht deut- 


lich genug in der Erinnerung. 
! Die Mittheilung konnte gleichzeitig von anderen ver- 
nommen werden. Da ich nicht besondere Fertigkeit 
x besitze, mangelhafte Mittheilungen durch das Ohr leicht 
zu verstehen, so kam es vor, dass Prof. Buff eine Mit- 
theilung verstand, die mir undeutlich blieb, obgleich 
ich das Ohr am Brette des Empfangs-Apparats hatte, 
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also in giinstigerer Stellung mich befand als Prof. 
Buff. 

Der Empfangs-Apparat (1 a) war in einem Zimmer 
des oberen Stockwerks (drei Treppen), der Hor-Appa- 
rat (1 6) stand auf dem grossen Tische, im Hor-Saale zu 
ebener Erde des Hauses von Prof. Buff. Ich war so- 
wohl als Sprecher, als auch als Horer thitig. Ebenso 
die anderen bei diesen Versuchen betheiligten Personen, 
abwechselnd. Da ich mich als schlechter Sprecher er- 
wies, verblieb ich meistens im Hér-Saale bei bem H6r- 
Apparat (1 4). 

To the eighth interrogatory he saith: We tried to 
transmit whole spoken sentences, also songs of consid- 
erable length and different stanzas. In the most suc- 
cessful experiments in which [ took part as listener, we 
could not understand distinctly every single word, 
still from the words which were understood in most 
cases the sense of the sentence could be made out. I 
heard the words of the song ‘‘ Schleswig-Holstein,” 
the word “ kalt ” in the short sentence “ Es is kalt hier.” 
Others I do not remember distinctly enough for testi- 
mony under oath. The transmission could be under- 
stood at the same time by others. As I do not possess 
an especial aptitude for easily catching imperfect trans- 
mission, it would happen that Prof. Buff understood 
aw sentence which was not plain to me, although I had 
my ear on the sounding board of the receiver, and was 
thus in a more favorable position than Prof. Butf. The 
transmitter LA was in a room of the upper story (three 
stories) ; the receiver 1B stood on the large table in the 
lecture room, on the ground floor of Prof. Buff’s house. 
[ took part not only as speaker, but as listener, and 
other persons also at these experiments were alternately 
so occupied. As I proved to be a poor speaker, I 
remained most of the time in the lecture room near the 
receiver 1B. 

Int. 9. State also if you saw the said Reis use any 
water or other fluid in or about his apparatus, or any 
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part thereof, and particularly how the same was used 
and for what purpose, if you know? 

Fiir seine Antwort auf die neunte Frage sagt Zeuge 
wie folet aus: 

Ja. Es wurden Siiueren fiir die Batterie beniitzt, 
welche der Diener in Stand setzte. 

To the ninth interrogatory he saith: Yes, acids were 
used for the battery, which the servant put in order. 

Int. 10. Do you know or can you set forth any other 
matter or things which may be a _ benefit or advantage 
to the parties at issue in this cause, or either of them, 
or that may be material to the subject of this your ex- 
amination, or the matters in question in this cause. If 
yea, set forth the same fully and at large in your 
answer ? 

Fiir seine Antwort auf die zehnte Frage sagte Zeuge 
wie folgt aus: 

Nein. 

To the tenth interrogatory he saith: No. 


The complainants object to the direct interrogatories 
as follows : 

To the Fourth Int. Objected to as incompetent and 
irrelevant; because it is of no importance in law what 
Philip Reis may have done in Germany or other for- 
eign country, unless Mr. Bell’s invention or discovery 
had been patented or described in some printed publi- 
cation. 

To the Fifth Int. Same objection. 

To the Sixth Int. Same objection. 

To the Seventh Int. Same objection. 

To the Eighth Int. Same objection; and further, 
because the last paragraph is leading, and calculated to 
instruct the witness to describe an operation which 
neither Reis nor any other person who ever saw his 
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telephone ever described in any publication, or sug- 
gested, even when Reis himself gave the most ample 
explanations of his apparatus and its operation. 
DickEerRSON & DICKERSON, 
Complainants’ Solicitors, 


By J. J. S. 


CROSS-INTERROGATORIES. 
KREUZFRAGEN : 


x-Int. 1. Are you the same person who wrote a let- 
ter dated September 10, 1882, published in a book en- 
titled “ Philip Reis, Inventor of the Telephone. By 
Sylvanus P. Thompson,” which, as printed in that book 
in English, is as follows : 


‘Most ESTEEMED SIR: 


‘“‘T willingly answer, as well as I am able to do so, 
the questions put by you. - In order to explain that my 
recollections may not have all the sharpness that might 
be wished, I make the following prefatory statement : 
I have, about 1863, held numerous conferences with 
Mr. Reis and with my deceased colleague, Professor H. 
Buff, of Giessen, and on these occasions have argued 
the question how it is that the transmission of thoughts 
to a distance by the sensation of the ear has a distinctly 
less value than transmission by that which is written. 

‘And now to your questions. I was not at Stettin 
in 1863. At the experiments at Giessen in the Natur- 
forscher Assembly, on 21st September, 1864, I was 
present; the short notice about them in the journal 
(‘ Tagesblatt’) is from my pen. I was Secretary of the 
Assembly and of the Physical Section. I remember, 
however, almost absolutely nothing about these experi- 
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ments. But [remember well that previousty—therefore 
probably as early as 1863 —having jointly made the ex- 
periments with Reis’ telephone in Buff’s house at Gies- 
sen * * * T have myself, as speaker and as hearer, 
at least twice, in the presence of Reis, made the ex- 
periments. 

“ Tt was known to me (in 1863-64) that Reis intended 
to transmit words, and certainly spoken words as well 
as those sung. My interest in the matter was, how- 
ever, a purely scientific one, not directed to the appli- 
cation as a means of profit. 

“ With great attention the sense of the words was 
understood, I have understood such myself, without 
knowing previously what would be the nature of the 
communication through the telephone. Words sung, 
especially well accentuated and peculiarly intoned, were 
somewhat better (or rather less mcompletely) under- 
stood than those spoken in the ordinary manner. There 
was indeed a boy (son of Privy-Councillor Ihering, now 
of Gottingen, then of Giessen), who was known as 
specially accomplished as a speaker. He had a rather 
harsh North-German dialect, and after the first ex- 
periments hit on the right way to speak best, essential 
for understanding. I myself did not understand Pro- 
fessor Buff through the telephone. Whether the 
speaker could be recognized by his voice I doubt. We 
knew beforehand each time who speaks. Yet I re- 
member that a girl could be distinguished from that 
boy by the voice. 

“ ‘The ear was at times laid upon the box of the ap- 
paratus, also upon the table which supported the tele- 
phone. Then it was attempted to hear at a distance, 
with the ear in the air; in this respect, when singing, 
with good result. At times the lid was taken off, or 
the same was connected more or less tightly or loosely 
with the lower part. The result of these changes I can 


no longer give with distinctness. * * * 
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‘Should you desire further information, I am ready 
to give you it according to my best knowledge. 
‘“ Hochachtungsvoll ergebenster, 
“ Dr. C. Boun. 
“ Aschaffenburg, 
“ 10th September, 1882.” 


Fiir seine Antwort auf die erste Kreuzfrage sagt 
Zeuge wie folgt aus: 

Ja. 

To the first cross-interrogatory he saith: Yes. 

x-Int. 2. In that letter you say in reference to the 
experiments tried at Geissen September 21, 1864, that 
you remember “almost absolutely nothing about these 
experiments. Whether a speaker could be recognized 
by his voice I doubt.” Is that your present recollec- 
tion ? 

Fiir seine Antwort auf die zweite Kreuzfrage sagt 
Zeuge wie folet aus : 

Die Naturforscher-Versammlung zu Giessen begann 
erst am 18ten September, 1864, es ist in der Frage also 
wohl gemeint, der Vortrag, den Herr Reis etwa am 
2lten September, nicht am 12ten, hielt. Ich habe an 
diesen Vortrag gegenwiirtig keine Erinnerung, was sich 
daraus erklaren mag, dass er mir nichts Neues bot, in- 
dem ich die Sache von friiher griindlicher kannte, als 
durch diesen Vortrag zu erlangen war; dass ich ferner 
zu jener Zeit mit Geschiiften iiberladen und iibermiidet 
war. Meine Erfahrungen iiber das Erkennen der 
Stimme, datiren nicht vom September 1864, sondern 
von der friiheren Zeit, fiir welche sichere Erinnerung 
vorhanden ist. Ich bin noch der Meinung dass wegen 
der Nebengeriiusche und sonstiger Umstiinde halber 
keine Wahrscheinlichkeit bestand, jemanden an der 
Stimme zu erkennen; weiss aber ferner dass ich und 
andere an der Stimme erkannten ob der Knabe oder 
das Miidchen sprach, von welchen wir wussten dass sie 
allein zur Zeit am Sprech-Apparat sei. 
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To the second cross-interroga ory he saith: The As- 
sembly of Natural Scientists at Giessen only began on 
the 18th of September, 1864. The question, therefore, 
probably refers to the lecture which Mr. Reis delivered 
about the 21st of September. I have at present no 
remembrance of this lecture, which can be explained by 
the fact that it presented nothing new to me, since I 
had previously a more thorough knowledge of the mat- 
ter than could be acquired from this lecture. More- 
over, I was at that time overburdened and tired out 
with business. My experience in reference to recog- 
nizing voices dates not from September, 1864, but from 
the earlier time of which I have a distinct recollection. 
I am still of the opinion that on account of the accom- 
panying sounds (Nebengeriiusche) and other cireum- 
stances there was no probability of recognizing any one 
by his voice; but I further know that myself and others 
recognized by the voice whether the boy or the girl was 
talking, from which we knew that she alone at the time 
was at the transmitter. 

x-Int. 3. Do you not remember that Professor H. 
Buff, of Geissen, read a paper at the same meeting on 
the tones of iron and steel rods, when magnetized, and 
referred to the Reis receiver as an illustration of that 
phenomenon ? 

Fiir seine Antwort auf die dritte Kreuz-frage sagt 
Zeuge wie folgt aus: 

Ja. Ich erinnere mich dieses Vortrags von Prof. Buff, 
aber nicht das, und ob er das Reis-Telephon damit in 
Verbindung brachte. 

To the third cross-interrogatory he saith: Yes; I 
remember this lecture of Professor Buff, but not that, 
and whether he introduced the Reis telephone in con- 
nection therewith. | 

x-Int. 4. Was not Professor Buff a friend of Reis, 
and a person in whose house Reis had tried his experi- 
ments in your presence in 1863 ? 
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Fiir seine Antwort auf die vierte Kreuze-frage sagt 
Zeuge wie folgt aus : 

Ja. In Buff’s Hause fanden die Versuche statt zum 
Theil in jenem Raum, welchen er von der Universitit ver- 
miethet hatte. Eine nihere Freundschaft zwischen den 
Hrn. Reis und Buff bestand meines Wissens nicht. 
Hr. Reis kam zu Prof. Buff, wie auch zu mir, als zu 
Fachleuten. | 

To the fourth cross-interrogatory he saith: Yes; the 
experiments took place in Buff’s house, partly in that 
room which he had hired of the University. A closer 
friendship between Mr. Reis and Mr. Buff did not exist, 
so far as my knowledge extends. Mr. Reis came to 
Professor Buff, as well as to me, as specialists. 

x-Int 5. Do you think that Professor Buff was as 
well acquainted with the operation of the Reis tele- 
phone as you were at that time ? 

Fiir seine Antwort auf die fiinfte Kreuze-frage sagt 
Zeuge wie lolgt aus: 

Ja. 

To the fifth cross-interrogatory he saith: Yes. 

x-Int. 6. Was not Professor Helmholtz at that meet- 
ing, and Professor Bottger ? 

Fiir seine Antwort auf die sechste Kreuze-frage sagt 
Zeuge wie folgt aus : , | 

Die Frage geht auf die Sitzung der Naturforcher- 
Versammlung in September, 1864. Ich habe bereits 
erkliirt, an den Vortrag von Reis bei dieser Gelegen- 
heit, keine Erinnerung zu haben, also auch nicht an jene 
Personen, die seinem Vortrage beiwohnten. 

To the sixth cross-interrogatory he saith: This ques- 
tion refers to the meeting of the Assembly of Natural 
Scientists in September, 1864. I have already explained 
that I have no remembrance of the lecture of Reis on 
this occasion, neither of those persons who were pres- 
ent at the lecture. 

x-Int. 7. Look at the book now shown you, contain- 
taining a lecture by Reis on his telephone, and say if 
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you do not recognize the handwriting of Professor Bott- 
ger on the 64th page of it ? 

Fiir seine Antwort auf die siebte Kreuz-frage sagt 
Zeuge wie folgt aus : 

Frage 7 ist gegenstandslos, da das Buch fehlt, aus- 
serdem ist mir Prof. Boettger’s Handschrift wenig be- 
kannt. 

To the seventh cross-interrogatory he saith : Ques- 
tion seven is unintelligible, as the book is wanting, and, 
moreover, I am little acquainted with Professor Bott- 
ger’s handwriting. 

x-Int. 8. You say in that letter that you did not un- 
derstand Professor Buff through the telephone. Is 
that your present recollection ? 

Fiir seine Antwort auf die achte Kreuz-frage sagt 
Zeuge wie folgt aus: 

Ja. 

To the eighth cross-interrogatory he saith: Yes. 

x-Int. 9. What was the cause of your writing that 
letter ? 

Fiir seine Antwort auf die neunte Kreuz-frage sagt 
Zeuge wie folgt aus: 

Ich schrieb den Brief, auf Einladung von Prof. Syl- 
vanus P. Thompson, der mich bat ihm mitzutheilen, 
was ich von dem Reis Telephon wisse, da er die 
Geschichte desselben schreiben wolle. 

To the ninth: I wrote the letter upon the invitation 
of Professor Sylvanus P. Thompson, who asked me to 
to communicate to him what I knew of the Reis tele- 
phone, as he wished to write a history of it. 

x-Int. 10. Did not Sylvanus P. Thompson, of England, 
and Albert Stetson, of America, come to see you on 
the subject ? 

Fiir seine Antwort auf die zehnte Kreuz-frage, sagt 
Zeuge wie folgt aus: 

Nein, ich habe Prof. Thompson nie gesehen, auch 
Hrn. Albert Stetson sah ich nie personlich. 

To the tenth cross-interrogatory he saith: No; I 
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have never seen Professor Thompson, nor Mr. Stetson, 
personally. 

x-Int. 11. Did they not talk over the subject with 
you and tell you that they were engaged in establishing 
the reputation of Reis as the inventor of the telephone ? 

Fiir seine Antwort auf die elfte Kreuz-frage, sagt 
Zeuge wie folgt aus : 

Nein. 

To the eleventh cross-interrogatory he saith: No. 

x-Int. 12. Did not Stetson visit you in the year 1886 
on the same subject ? 

Fiir seine Antwort auf die zwolfte Kreuz-frage, sagt 
Zeuge wie folgt aus: 

Nein. Ich wechselte aber Briefe in 1886 mit Hrn. 
Stetson. 

To the twelfth cross-interrogatory he saith : No ; but 
I exchanged letters in 1886 with Mr. Stetson. 

x-Int. 18. Did he not tell you that he was the agent 
of the Government of the United States, for the pur- 
pose of establishing the fact that Reis, and not Bell, 
was the inventor of the telephone ? 

Fiiy seine Antwort auf die dreizehnte Kreuz-frage sagt 
Zeuge wie folgt aus: 

Hr. Stetson sprach iiberhaupt nicht mit mir, son- 
dern schrieb mir wie folgt: “Iam,as I think I in- 
formed you, sent here by the Solicitor-General of the 
United States to inquire respecting the work of Phillipp 
* * This case is not 
in the interest of any company, brings no pecuniary 


Reis upon the telephone. 


advantage to the (iovernment, but is undertaken in 
order to settle definitely the question asto who is en- 
titled to the honor of having invented the telephone,’ 
etc., etc. 

To the thirteenth cross-interrogatory he saith: Mr. 
Stetson never spoke with me at all, but wrote me as 
follows: “I am,as Ithink [ informed you, sent here 
by the Solicitor-General of the United States to inquire 
respecting the work of Philip Reis upon the telephone. 
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* %* * This case is not in the interest of any com- 
pany, brings no pecuniary advantage to the Govern- 
ment, but is undertaken in order to settle definitely the 
question as to who is entitled to the honor of having 
invented the telephone,” ete. 

x-Int. 14. Had you not read in a newspaper, or 
heard that Mr. Stetson was in Germany for that pur- 
pose ? 

Fiir seine Antwort auf die vierzehnte Kreuzfrage 
sagt Zeuge wie folgt aus: 

Nein. | 

To the fourteenth cross-interrogatory he saith: No. 

x-Int. 15. State fully what representations Mr. Stet- 
son made to you on that subject ? 

Fiir seine Antwort auf die fiinfzehnte Kreuzfrage 
sagt Zeuge wie folgt aus: 

Habe ich ausfiihrlich in der 13ten Kreuzfrage beant- 
wortet. 

To the fifteenth cross-interrogatory he saith: I have 
thoroughly answered this question in the answer to 
thirteenth cross-question. 

x-Int. 16. In your letter you say that “it was at- 
tempted to hear at a distance with the ear in the air 
in this respect, when singing, with good results.” State 
more fully what you now think you remember of 
songs heard in that way. What were the words you 
heard, if any ? 

Fiir seine Antwort auf die sechszehnte Kreuzfrage, 
sagt Zeuge wie folgt aus: 

Das Lied “ Schlesswig- Holstein.” 

Fiir den letzten Theil der Frage reicht meine Erin- 
nerung nicht aus. | 

To the sixteenth cross-interrogatory he saith: The 
song “Schlesswig Holstein.” My recollection is not 
sufficiently distinct to enable me to answer the last part 
of the question. 

x-Int. 17. Explain what you mean by saying that 
“at times the lid was taken off, or the same was con- 
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nected more or less tightly or loosely with the lower 
part”? 

Fiir seine Antwort auf die siebzehnte Kreuzfrage 
sagt Zeuge wie folgt aus: ¥ 

Der in Zeichnung 1 b. mit C. bezeichnete Theil, 
(Deckel) wurde zuweilen in der Stellung der Figur, ' 
zuweilen niedergeklappt auf das Resonanz-drett, dann , 
auch noch fest angedriickt, verwendet. 

To the seventeenth cross-interrogatory he saith: The 
part marked C (cover) in the drawing 1B was some- 
times used in the position shown in the figure, at other { 
times shut down upon the sounding board, and also 
pressed down tightly upon it. 

x-Int. 18. Was this done for the purpose of trying to 
make the sounds more distinct ? 

Fiir seme Antwort auf die achtzehnte Kreuzfrage 
sagt Zeuge wie folgt aus: 

Ja. Es geschah in der Absicht die Umstiinde zu 
priifen, welche Einfluss auf die Deutlichkeit der Tele- 
phonischen Mittheilung haben kénnten. 


To the eighteenth cross-interrogatory he saith: It 
was done for the purpose of testing the circumstances 
which might have influence upon the clearness of the 
telephonic transmission. 

x-Int. 19. Who made the experiments—was it Reis 
or some other person ? 


Fiir seine Antwort auf die neunzehnte Kreuzfrage 
sagt Zeuge wie folgt aus: 

Die Versuche wurden zum Theil in Gegenwart, zum 
Theil in Abwesenheit von Hrn. Reis angestellt, und 


waren verschiedene Personen, bald Sprecher, bald 4 

Horer ; bei den fraglichen Versuchen, konnte Hr. Reis, > | 

wegen Heiserkeit, nicht als Sprecher thiitig sein. , 
To the nineteenth cross-interrogatory he saith : The : 


experiments were made partly in the presence partly 
in the absence of Mr. Reis, and there were different 
persons present at the aforesaid experiments, some- 
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times as speakers, sometimes as hearers. Mr. Reis, on 
account of hoarseness, could not act as speaker. 

x-Int. 20. If you should say that Reis used water in 
his transmitter, will you explain how he prevented it 
from wetting the stretched membrane and destroying 
its elasticity ? 

Fiir seine Antwort auf die zwanzigste Kreuz-frage, 
sagt Zeuge wie folgt aus: 

Die Frage fillt weg, da ich nicht sagte, dass — am 
Gebe-Apparat Wasser benutzte. 

To the twentieth cross-interrogatory he saith : There 
is no reason for this question, as I did not say that 
Reis used water in the transmitter. 

x-Int. 21. Did you ever see any published account 
by Reis, or any other experimenter, of the use of water 
at the contact points of his telephone for any purpose ; 
and, if so, what publication did you see it in, and annex 
a copy of it ? 

Fiir seine Antwort auf die einundzwanizgste Kreuz- 
frage, sagt Zeuge wie folgt aus : 

Nein. 

To the twenty-first cross-interrogatory he saith: No. 

x-Int. 22. Isn't it certain that if water were applied 
at the contact point it would be scattered at once by 
the vibration of the membrane, and wet it; and also be 
decomposed by the current of electricity passing through 
it at that point ? 

Fiir seine Antwort auf die zweiundzwanzigste Kreuz- 
frage, sagt Zeuge wie folet aus: 

Da in meiner Gegenwart kein Wasser am Gebe-Appa- 
rat benutzt wurde, so kann ich auf Frage 22 nicht ant- 
worten. Meine Meinung, was geschehen wiire, wenn 
Wasser an die Contacktstelle gebracht worden, ist keine 
Zeugenaussage, kénnte hédchstens Gegenstand eines 
wissenschaftlichen Gutachtens sein. 

To the twenty-second cross-interrogatory he saith: 
As no water was used in the apparatus in my presence 
I cannot answer question twenty-two. My opinion as 
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to what would happen if water was placed between the 
contact points is no proper testimony; at the most, it 
would be a matter of scientific opinion. 

x-Int. 23. Who first spoke to you on the subject of 
water used by Reis to operate his telephone ? 

Fiir sein Antwort auf die dreiundzwanzigste Kreuz- 
frage, sagt Zeuge wie folgt aus: 

Niemand. 

To the twenty-third cross-interrogatory he saith: No 
one. 

x-Int. 24. Have you ever seen or read, or heard read, 
or has any person stated to you the substance of these 
questions, or of any part of them, before they were 
propounded to you one by one and answered by you 
before the examining officer ? | 

Fiir seine Antwort auf die vierundzwanzigste Kreuz- 
frage, sagt Zeuge wie folgt aus : 

Nein. | 

To the twenty-fourth cross-interrogatory he saith: 
No. 

Deposition of HrtnricH HoLp, a witness produced, 
sworn and examined the sixteenth day of December, in 
the year one thousand eight hundred and eighty-six, 
at Friedrichsdorf, in the empire of Germany, under and 
by virtue of a commission issued out of the Circuit 
Court of the United States for the District of New 
Jersey, in a certain cause therein depending and at is- 
sue, wherein the American Bell Telephone Company and 
others are plaintiffs, and the New Jersey Telephone 
Company and others are defendants. 

HernricH Hox, of Friedrichsdorf, Germany, tanner, 
aged 55 years and upwards, being duly and publicly 
sworn, pursuant to the directions hereto annexed, and 
examined on the part of the defendants, doth depose 
and say as follows: 

Int. 1. Please state what is your name, age, residence 
and occupation ? 
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Fiir seine Antwort auf die erste Frage sagt Zeuge 
wie folgt aus: 

Heinrich Hold, fiinfundfiinzig Jahre alt, Gerber, 
Friedrichsdorf. 

To the first interrogatory he saith: Heinrich Hold ; 
55 years old; tanner; Friedrichsdorf. 

Int. 2. Were you acquainted with the late Philipp 
Reis, of Frankfort, Germany ? 

Fiir seine Antwort auf die zweite Frage sagt Zeuge 
wie folgt aus: 

Ja. 

To the second interrogatory he saith: Yes. 

Int. 3. If to the last interrogation you answer yes, 
state, if you know, what was the occupation of the said 
Reis during the years 1859 to 1874, inclusive, or dur- 
ing any portion of that period in which you had knowl- 
edge of the matters now inquired about ? 

Fiir seine Antwort auf die dritte Frage sagt Zeuge 
wie folet aus: 

Philipp Reis war an dem hiesigen Institute, wahrend 
der ganzen Zeit von 1859 bis 1874, Lehrer der Natur- 
wissenschaften und Mathematik, und beschaftigte sich 
nebenbei stets mit physikalischen und chemischen 
Untersuchungen. 

To the third interrogatory he saith: During the 
whole time from 1859 to 1874, Philipp Reis was 
teacher of the natural sciences and mathematics at the 
Institute in this place, and was besides constantly oc- 
cupied with physical and chemical investigations. 

Int. 4. Do you know whether the said Reis was en- 
svaged during that period, or at any portion of that period, 
in experiments having in view the transmission of ar- 
ticulate speech or other sounds by means of electricity ? 
[f you answer yes, and that he was so engaged in re- 
spect to either or both the subjects named, please 
state how you know the fact ? 

Fiir seine Antwort auf die vierte Frage sagt Zeuge 


wie folgt aus: 
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Jawohl. Die Versuche wurden hier in Friedrichs- 
dorf gemacht; die Distance zwischen der Aufgabe 
und der durch Electricitiit erzeugten Wiedergabe von 
Worten und Gesiinge mehr oder weniger verstindlich, 
betriigt ungefiihr vierzig Meter. Ich habe den Haupt 
Versuchen beigewohnt. Es wurde in das aus Gyps 
construirte mit Membran und Platinblech versehene 
sogenannte Trummelfell, welches gegen ein Metall 
Hiimmerchen vibrirte, und so die Induction herstellte, 
gesprochen, gesungen, gegeigt und Clavier gespielt, und 
auf eben angegebener Entfernung die respective Téne 
und Laute mehr oder weniger deutlich reproducirt. 

To the fourth interrogatory he saith: Yes; indeed. 
The experiments were made here in Friedrichsdorf. 
The distance was about forty metres between the trans- 
mitting station and the place where there took place a 
reproduction by means of electricity, of words and 
songs, more or less understood. I took part in the 
chief experiments. We spoke, sung, played on the violin 
and piano, and reproduced more or less distinctly the 
respective tones and sounds at the above-mentioned 
distance into the so-called drum-head, made of plaster 
of paris and provided with a membrane and a strip of 
platinum, against which there vibrated asmall metal 
hammer, thus producing the induction. 

Int. 5. Were you, during the period above named, 
ever present when the said Reis or any other person in 
his presence experimented with any apparatus In 
transmitting or attempting to transmit speech or other 
sounds ? If you shall answer yes, please state on how 
many occasions; if more than one; at what time or 
times ; and place or places, as nearly as you can re- 
member. Please answer this question as to any occa- 
sion when in the absence of said Reis such experiments 
were made by other persons by means of any instru- 
ments referred to in the 7th interrogatory ? 

Fiir seine Antwort auf die fiinfte Frage sagt Zeuge 
wie folgt aus: 
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Ja. Es ist wiederholt geschehen, und haben solche 
Versuche in meiner und Anderer Gegenwart mehrmals 
stattgefunden ; solches fand statt in ersten Jahren der 
Erfindung in seiner eigenen Wohnung in Friedrichs- 
dorf. Solche Versuche fanded nur in Gegenwart und 
unter Mitwirkung von Herrn Reis statt. 

To the fifth interrogatory he saith: Yes; it has 
repeatedly happened, and such experiments have sev- 
eral times taken place in my presence and in that of 
others. Such experiments took place in his own house 
in Friedrichsdorf, in the years in which the instrument 
was invented. Such experiments only took place in the 
presence of and with the assistance of Mr. Reis. 

Int. 6. If,im answer to the last interrogatory, you 
shall have named any occasion or occasions such as are 
in that interrogatory referred to, please state the names 
of all persons present on each occasion, as nearly as 
you can remember, and the character and results of the 
experiments then carried on, and especially the results 
thereof, so far as they related to the transmission of 
articulate speech or other vocal sounds, or to the trans- 
mission of sounds other than vocal sounds, and _ partic- 
ularly whether any articulate words, spoken or sung, 
were sent and received, and the words or sentences, 
so far as you can remember them, and whether such 
words or sentences as you may give were all which were 
so sent and received ? 

Tiir seine Antwort auf die sechste Frage sagt Zeuge 
wie folet aus: 

Wie gesagt, fanden solche Versuche nur in Gegenwart 
und unter Mitwirkung von Herrn Reis statt. Bei 
solehen Versuchen, waren ausser den bereits verstor- 
benen Personen zugegen: Philipp Schmidt in Wilhelms- 
hafen, Anton Horkheimer aus Frankfurt am Main, in 
Manchester, England; es wurden Versuche gemacht 
mit Clavierspiel, Geige, Gesang und Siitzesprechen, 
welches Alles in den meisten Fiillen vernehmbar repro- 
ducirt wurde: gesprochene und gesungene Worte zum 
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Beispiel “Ich hatte einen Kameraden” und andere 
mehr wurden auf Entfernungen gesandt und emp- 
fangen. 

To the sixth interrogatory he saith: As I have said, 
such experiments took place only in the presence of 
and with the assistance of Mr. Reis. At such experi- 
ments there were present, besides the persons already 
mentioned, Philipp Schmidt of Wilhelmshafen, and 
Anton Horkheimer, of Frankfort-on-the-Main, now at 
Manchester, England. Experiments were made with 
playing the piano, violin, singing and speaking sen- 
tences, all of which in most cases was reproduced and 
understood. Words spoken and sung, for example, 
“Ich hatte einen Kameraden,’ and many others were 
transmitted and received at a distance. 

Int. 7. Look at the pictorial representations hereunto 
annexed and marked , and state whether you 
recognize in any of them representations of instruments 
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used in any experiments to which you may have testi- 
fied, for the transmission of speech or other sounds by 
electricity ; and if you answer yes, state which of the 


drawings you so recognize, and say whether, according 
to your recollection, such drawings accurately show 
such instruments ; or, if any of them differ in any way, 
wherein they differ. If you say that none of the in- 
struments shown in these pictorial representations were 
used, please describe as nearly as you can the instru- 
ments actually used in the experiments concerning 
which you may have testified ? 

Fiir seine Antwort auf die siebente Frage sagt Zeuge 


wie folgt aus: tb 
[ch habe die angehefteten und wie folgt 1 A, 1 B, 2 oy W 
A, 3 A,3 B,3C, 4A, 4 B,5 A, 5 B, markirten bild- } 
lichen Darstellungen angesehen und als solche von : 4 
Herrn Reis konstruirte Apparate behufs Telephonie ‘ 


wiedererkannt. 
Verwahre mich dagegen detaillirt angeben zu kénnen 
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ob Zeichnungen und beziiglich konstruirte Apparate 
des Herrn Reis genau iibereinstimmen. 

To the seventh interrogatory he saith: I have 
looked at the annexed drawings marked 1A, 1B, 2A, 
3A, 3B, 3C, 4A, 4B, 5A, 5B, and recognize them as ap- 
paratus constructed by Mr. Reis for the purposes of 
telephony. I would guard against, however, pretend- 
ing to be able to give details, and say whether the 
drawings and the apparatus constructed according to 
them exactly agree with that of Mr. Reis. 

Int. 8. If you shall have answered that you were ever 
present at experiments such as are referred to in the 
5th, 6th and 7th interrogatories, and that articulate 
speech or any vocal sounds were transmitted, state 
whether entire sentences were transmitted and received, 
or only single words, and state also, if you can, what 
sentences or words then spoken or sung were heard by 
you at the receiver, and what, if any, were reported by 
others then listening at the receiver. 

Explain for the information of the Court the respect- 
ive position of the transmitting and receiving instru- 
ments, your position with reference to each and your 
position with reference to any person who reported any 
words or sentences spoken or sung as having been re- 
ceived. 

Fiir seine Antwort auf die achte Frage sagt Zeuge 
wie folgt aus: 

Bei solchen primitiven Versuchen wurden ganze 
Siitze, einzelne Worte, Gesang u. s. w. mehr oder weni- 
ger deutlich vernommen. Ganz deutlich vernahm ich: 
‘“‘Tch hatte einen Kamaraden,” “ Philipp Schmidt.” 

Nur der dem Sprecher (accepteur) zuniichste konnte 
es deutlich vernehmen. Der Empfiinger resp. Toner- 
zeugnungs-Apparat (Ohr) befand sich in der Wohnstube 
des Herrn Reis. Der Verbindungsdraht ging von da 
durch den Hof in die Scheuer woselbst der Sprecher 
(accepteur) aufgestellt war. Habe wiederholt mich an 


der Aufgabe und Empfangstation beschiftigt. Die 
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dabei anwesenden Personen waren Lehrer, Collegen des 


Instituts Garnier. 

To the eighth interrogatory he saith: In such prim- 
itive experiments, whole sentences, single words, songs, 
etc., were more or less clearly understood. I under- 
stood very clearly ‘Ich Hatte Kameraden,” ‘ Philipp 
Schmidt.” Only the one who got nearest to the receiver 
(accepteur) could understand it plainly. The trans- 
mitter or tone producing apparatus (ear) was in the sit- 
ting room. The connecting wire passed from there 
through the court to the shed where the transmitter 
(accepteur) was set up. Have repeatedly been occupied 
both at the transmitting and receiving stations. The 
persons present on these occasions were teachers, col- 
leagues of the Garnier Institute. 

Int. 9. State also if you saw the said Reis use any 
water or other fluid in or about his apparatus, or any 
part thereof, and particularly how the same was used, 
and for what purpose, if you know? 

Fiir seine Antwort auf die neunte Frage sagt Zeuge 
wie folgt aus : 

Wenn ich zugegen war, waren alle Vorbereitungen so 
weit getroffen, dass wir sofort telephonirten. Wasser 
oder andere Fliissigkeiten wurden wiihrend der verhalt- 
nissmissig kurzen Zeit nicht herbeigeschafft. 

To the ninth interrogatory he saith: When I was 
present all the preparations had been so far made that 
we went right to telephoning. Water or other liquids 
were not brought during the relatively short time. 

Int. 10. Do you know, or can you set forth, any 
other matter or things which may be a benefit or ad- 
vantage to the parties at issue in this cause, or either 
of them, or that may be material to the subject of this 
your examination, or the matters in question in this 
‘ause. If yea, set forth the same fully and at large in 
your answer ? 

Fiir seine Antwort auf die zehnte Frage sagt Zeuge 
wie folgt aus: 
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Ich weiss nichts. 
To the tenth interrogatory he saith: I know noth- 


ing. 


CROSS-INTERROGATORIES. 
KREUZFRAGEN. 


x-Int. 1. In what year were you born ? 

Fur sein Antwort auf die erste Kreuzfrage sagt Zeuge 
wie folgt aus: 

Den 9ten November, 1831. 

To the first cross-interrogatory, he saith: The ninth 
of November, 1831. 

x-Int. 2. What is your present oecupation, and how 
long have you been so occupied ? 

Fiir seine Antwort auf die, zweite Kreuzfrage sagt 
Zeuge wie folgt aus: 

Ich betreibe eine Waschleder-Gerberei seit 1865. 

To the second cross-interrogatory, he saith: I have 
been carrying on a wash leather tannery since 1865. 

x-Int. 3. Are you the same person who wrote a letter 
to S. P. Thompson, published in his book entitled 
“Philip Reis, Inventor of the Telephone,” as follows : 


‘‘ ESTEEMED SIR: 


“ T have much pleasure in furnishing you with the 
following particulars concerning my late colleague, 
Philipp Reis, the inventor of the telephone. He was 
himself educated at the Garnier’s Institute in Fried- 
richsdorf, where I was also teacher of mathematics. I 
knew him very well during his lifetime. Among his 
numerous original researches, his invention of the tele- 
phone was the principal one. His idea was to repro- 
duce the tones both of musical instruments and of the 
human voice by means of electricity, using a 
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covered wire wound in a spiral round an iron core, the 


same being placed upon a resonant box. In this he 


succeeded, inasmuch as with an apparatus, which he 
showed to the Physikalischer Verein in Frankfurt-a-M., 
in the year 1861, he reproduced music, singing, single 
words and short sentences ; all of which were distinctly 
audible over a short distance from his dwelling-house 
through the yard to the barn. Every voice was not 
equally well adapted for speaking into the apparatus, 
neither could every ear understand the telephone lan- 
guage equally well. Words spoken slowly and singing 
both in a middle tone, were the most easy to reproduce. 
[I helped Mr. Reis to make many of his experiments 
and have spoken and sung into the telephone, the same 
being generally heard and understood. I have also 
heard and understood short sentences when I was 
standing at the end station. A brother-lIn-law of Mr. 
Reis, who is now paymaster in the Imperial Navy at 
Wilhelmshaven, generally conducted the speaking and 
singing in the telephone. 
‘‘ HEINRICH HoLp.” 


Fiir seine Antwort auf die dritte Kreuzfrage sagt 
Zeuge wie folgt aus: 

Ja. 

To the third cross-interrogatory, he saith: Yes. 

x-Int. 4. What induced you to write that letter ? 

Fiir seine Antwort auf die vierte Kreuzfrage sagt 
Zeuge wie folet aus : 

Das Interesse, dass der Wahrheit die Ehre gebiihrt 
und meinem Freund Reis die Ehre als Erfinder des 
Telephons unangefochten erhalten bliebe. 

To the fourth cross-interrogatory, he saith: The 
interest of doing honor to truth and that the honor 
of my friend Reis, as inventor of the telephone should 
remain unimpeached. 

x-Int. 5. Did Professor Thompson inform you that he 
was employed by persons who were sued as infringers 
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of a patent for the telephone, and that he was making 
up a book in aid of their defense ? 

Fiir seine Antwort auf die fiinfte Kreuzfrage sagt 
Zeuge wie folgt aus: 

Professor Thompson hat sich an mich ohne ander-, 
weitige Mittheilung nurum Erkundigung iiber Reis 
Telephon gewandt. 

To the fifth cross-interrogatory, he saith: Prof. 
Thompson applied to me, telling me nothing further 
than that he wished for information in reference to the 
Reis telephone. 

x-Int. 6. Did you ever see a Mr. Stetson from the 
United States on the same subject ? 

Fiir seine Antwort auf die sechste Kreuzfrage sagt 
Zeuge wie folgt aus: 

Ja. 

To the sixth cross-interrogatory, he saith: Yes. 

x-Int. 7. Did he inform you that he was acting for 
persons charged as infringers of patents for the tele- 
phone ? | 

Fiir seine Antwort auf die siebente Kreuzfrage sagt 
Zeuge wie folet aus: 

Nein. Stetson erwies sich stets pro Reis contra 
Bell. 

To the seventh cross-interrogatory, he saith: No; 
Stetson showed himself always for Reis contra Bell. 

x-Int. 8. Did he not inform you that he was em- 
ployed by the Government of the United States for the 
purpose of proving that Reis, and not Bell, was the 
inventor of the telephone? State fully what he did 
inform you on the subject of his object and employ- 
ment. 

Fur seine Antwort auf die achte Kreuzfrage sagt 
Zeuge wie folgt aus: 

Nein. , 

To the eighth cross-interrogatory, he saith: No. 

x-Int. 9. In your letter you say that Reis, “ with an 
apparatus which he showed at the Physikaleschen Verin 
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at Frankfurt-a-M., in the year 1861, reproduced music, 
singing, single words and short sentences, all of which 
were distinctly audible over a short distance from his 
dwelling-house through the yard to the barn.” Does 
this statement refer to that which is published in 
Jahresbricht der Physikalischen Vereins zu Frankfurt- 
a-M., 1860-61, pp. 57-64, by Reis himself ? 

Fiir seine Antwort auf die neunte Kreuzfrage sagt 
Zeuge wie folgt aus : 

Ja. 

To the ninth cross-interrogatory, he saith: Yes. 

x-Int. 10. Did you know more about this telephone, 
its mode of operation, and its capacity, than Reis did 
who wrote that lecture ? 

Fiir seine Antwort auf die zehnte Kreuzfrage sagt 
Zeuge wie folgt aus : 

Nein. 

To the tenth cross-interrogatory, he saith: No. 

x-Int. 11. You say in your letter: “I helped Mr. 
Reis to make many of his experiments, and have 
spoken and sung into the telephone, the same being 
generally heard and understood.” Did you mean by 
that to say that a person standing “at the end station” 
generally understood what was said at the other end ? 

Fiir seine Antwort auf die elfte Kreuzfrage sagt 
Zeuge wie folgt aus: 

Ja. 

To the eleventh interrogatory, he saith: Yes. 

x-Int. 12. Did this occur before the lecture or after- 
wards ? 

Fiir seine Antwort auf die zwolfte Kreuzfrage sagt 
Zeuge we folet aus : 

Vor dem Vortrage. 

To the twelfth cross-interrogatory, he saith: Before 
the lecture. 

x-Int. 13. Did it occur before Reis published his 
advertising circular for the sale of his telephones by 
Albert & Son in 1863, or afterwards ? 
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Fiir seine Antwort auf cie dreizehnte Kreuzfrage sagt 
Zeuge wie folgt aus: 

Ja, es ereignete sich vorher. 

To the thirteenth cross-interrogatory, he saith : Yes, 
it happened before. | 

x-Int. 14. Did it occur before or after 1873, when 
Albert again published his descriptive catalogue of the 
telephone of Reis, and referred his readers to Pisko for 
i description of the Reis instrument ? 

Fiir seine Antwort auf die vierzehnte Kreuzfrage sagt 
Zeuge wie folgt aus: 

Ks ereignete sich vor 18793. 

To the fourteenth cross-interrogatory, he saith: It 
happened before 1873. 

x-Int. 15. If you think you knew more than Reis did 
of the operation and capacity of his telephone, do you 
think you knew more than Albert did, who manufactured 
and sold them for Reis, and who described them and 
their operation directly and by reference to Pisko’s 
description ? 

Tiir seine Antwort auf die fiinfzehnte Kreuzfraye 
sagt Zeuge wie folgt aus : 

Bin iiberzeugt dass ich iiber Reis’ Telephon weni- 
ger wusste als Albert, geschweige denn als Reis selbst, 
der Erfinder. 

To the fifteenth cross-interrogatory, he saith: I am 
convinced that I knew less about the Reis telephone 
than Albert, much less than Reis himself, the inventor. 

x-Int. 16. If you should say that Reis used water in 
his transmitter, will you explain how he prevented it 
from wetting the stretched membrane and destroying 
its elasticity ? 

Fiir seine Antwort auf die sechszehnte Kreuzfrage 
sagt Zeuge wie folgt aus : 

Resultirt aus der Antwort auf die neunte direkte 
Frage, dass ich nichts davon weiss. 

To the sixteenth cross-interrogatory, he saith : It re- 
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sults from the answer to the ninth direct-question, that 
I know nothing about it. 

x-Int. 17. Did you ever see any published account of 
Reis or any other experimenter, of the use of water at 
the contact points of his telephone for any purpose, 
and, if so, in what publication did you see it and annex 


a copy of it? 

Fiir seine Antwort auf die siebenzehnte Kreuzfrage 
sagt Zeuge wie folgt aus : 

Nein. 

To the seventeenth cross-interrogatory, he saith : 
No. 

x-Int. 18. Isn’t it certain that if water were applied 
at the contact point it would be scattered at once by 
the vibration of the membrane and wet it; and also be 
decomposed by the current of electricity passing 
through it at that point ? 

Fiir seine Antwort auf die achtzehnte Kreuzfrage 
sact Zeuge wie folgt aus: 

Ich weiss es nicht. 

To the eighteenth cross-interrogatory, he saith : 
do not know. 

x-Int. 19. Who first spoke to you on the subject of 
water used by Reis to operate his telephone ? 

Fiir seine Antwort auf die neuzehnte Kreuzfrage 
sact Zeuge wie folgt aus: 

Nieman. 

To the nineteenth cross-interrogatory, he saith: No- 
body. 

x-Int. 20. Have you seen, read or heard read these 
questions, or been told their import, until you heard 
them read to you one by one by the officer who _ pro- 
pounds them ? 

Fiir seine Antwort auf die zwanzigste Kreuzfrage 
sagt Zeuge wie folgt aus: 

Nein! Habe sie zuerst von dem Beamten, der mir 
sie stellte, vorgelesen gehért. Durch Herrn A. Stetson 
war ich friiher insoweit davon benachrichtigt, dass man 
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i mich demniichst in Sache des Reis’schen Telephone 
amtlich verhéren wiirde. 

To the twentieth cross-interrogatory, he saith: No, 
[ have first heard them read to me by the official who 
put them tome. Iwas before informed by Mr. A. 
Stetson that in a short time my testimony would be 
taken officially in reference to the Reis telephone. 

ALVESTO 8S. Hoaueg, 
Commissioner. 


RETURN. 


I, Auvesto S. Hoaur, the Commissioner within 
named, do hereby certify and return to the Circuit 
Court of the United States of America for the District 
of New Jersey, that I have duly executed the within 
commission in manner and form as is therein and 
thereby commanded, and that the execution thereof 
will fully appear by the schedule to the said commis- 
sion and the accompanying interrogatories annexed. J 
further certify that no one was present while the depo- 
sitions were being taken excepting myself, the within- 
named Commissioner, and Clement Garnier, a clerk 
employed by me to write the answers; and that the 
execution thereof will fully appear by the schedule to 
the said commission and the accompanying interroga- 
tories annexed. 

Given under my hand and seal this 22d day of De- 
cember, A. D. 1886. 


ALvesTo 8S. Hoaug, 


Commissioner. , 
| 
Deposition of J. HAaussEr, a witness, produced, sworn 

‘ and examined, the 20th day of December, in the year 


one thousand eight hundred and eighty-six, at Wassel- 
heim, in the Empire of Germany, under and by virtue 
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of a commission issued out of the Circuit Court of the 
United States for the District of New Yersey, in a cer- 
tain cause therein depending and at issue, wherein the 
American Bell Telephone Company and others are 
plaintiffs, and the New Jersey Telephone Company and 


others are defendants : 

J. Hausser, of Wasselheim, Germany, not in busi- 
ness, aged 65 years and upwards, being duly and pub- 
licly sworn, pursuant to the directions hereto annexed, 
and examined on the part of the defendants, doth de- 
pose and say as follows : 

Int. 1. Please state what is your name, age, residence 
and occupation ? 

Fiir seine Antwort auf die erste Frage sagt Zeuge wie 
folet aus: 

Johann Hausser, 65 Jahre alt, eben keinen Beruf, bis 
1885 Musiklehrer in Wasselheim gewesen, wohnhaft 
zu Wasselheim. 

‘l'o the first interrogatory he saith: Johann Hauser ; 
65 years old; at present in no business; was until 
1885, music teacher in Wasselheim; living now in Was- 
selheim. 

Int. 2. Were you acquainted with the late Philipp 
Reis, of Frankfort, Germany ? 

Fiir seme Antwort auf die zweite Frage, sagt Zeuge 
wie folet aus: 

Ich war mit Ph. Reis sehr befreundet; wir redeten 
uns sogar per “‘ Du”’ an. 

To the second interrogatory he saith: I was avery 
intimate friend of Philipp Reis, in fact, we addressed 
each other with ‘‘ Du.” 

Int. 3. If to the last interrogation you answer yes; 
state if you know what was the occupation of the said 
Reis during the years 1859 to 1874, inclusive, or during 
any portion of that period in which you had knowledge 
of the matters now inquired about ? 

Fiir seine Antwort auf die dritte Frage sagt Zeuge 
wie folgt aus: 
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Wahrend der Jahren 1859 bis inclusive 1874 war Reis 
Lehrer an dem Garnier’schen Institut in I riedrichs- 
dorf. Reis starb, so viel ich mich erinnern kann, im 
Monat Januar, 1874. Anfiinglich war Reis Lehrer der 
Unterklassen fiir das Franzésische; spiiter lehrte der- 
selbe in den oberen Klassen Mathematik, Chemie und 
Physik. Nebenbei war Reis immer damit beschiftigt, 
wie er sich ausdriikte, den Ton auf telegraphischem 
Wege zu iibertragen. Wo er ging und stand waren dies 
seine Tréiume. 

To the third interrogatory he saith: During the 
years 1859 to 1874, inclusive, Reis was teacher at tlie 
Garnier Institute in Friedrichsdorf. NReis died, if I re- 
member rightly, in the month of January, 1874. In 
the beginning Reis was teacher of French for the lower 
classes, later he taught the upper classes mathematics, 
chemistry and physics. In connection with his teaching 
Reis was always busy trying, as he expressed it, to 
transmit tones (den Ton) telegraphically. Wherever he 
was this was his dream. 

Int. 4. Do you know whether the said Reis was _ en- 
gaged during that period, or at any portion of that 
period, in experiments having in view the transmission 
of articulate speech or other sounds by means of elec- 
tricity. If you answer yes, and that he was so engaged 
in respect to either or both the subjects named, please 
state how you know the fact ? 

Fiir seine Antwort auf die vierte Frage sagt Zeuge 
wie folgt aus: 

Nein. Bei dem ersten Versuche, zu welchem mich 
Reis zuzog, hatte derselbe einen Draht von seinem Lab- 
oratium auf den Speicher gespannt ; dort wurde ich auf- 


gestellt um zu horen, ob ein Laut vernehmbar sei. Reis 


laborirte unten, ich oben mit meiner eigenen Geige, auf 
der er das eine Ende des Drahtes befestigt hatte. Ich 
konnte deutlich einen schnarrenden Ton vernehmen. 
Ob Reis sich bei diesem Versuch der Elektrizitiit be- 
dient hatte weiss ich nicht. 
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To the fourth interrogatory he saith: No. In the 
first experiment to which Reis took me he had a wire 
stretched from his laboratory to the shed, and I was 
placed there in order to listen and hear whether a 
sound could be understood. Reis was at work below 
and I was upstairs with my violin, upon which he had 
fastened the one end of his wire. I could recognize 
clearly a rattling tone. I do not know whether in this 
experiment Reis made use of electricity. 

Int. 5. Were you during the period above named ever 
present when the said Reis or any other person in his 
presence experimented with any apparatus in trans- 
mitting or attempting to transmit speech or other 
sounds. If you shall answer yes, please state on how 
many oceasions, if more than one; at what time or 
times, and place or places. as nearly as you can re- 
member. Please answer this question as to any occa- 
sion when in the absence of said Reis such experiments 
were made by other persons by means of any instru- 
ments referred to in the 7th interrogatory ? 

Fiir seme Antwort auf die fiinfte Frage sagt Zeuge 
wie folet aus : 

Ja. Solehe Versuche fanden sehr oft statt in meiner 
Gegenwart. Unter mehreren anderen Versuchen will 
ich nur den erwiihnen, bei welchen Hr. Professor Opel 
aus Frankfurt anwesend war; bei diesem Versuche 
wurde ich ersucht einzelne Téne, dann 2 Tone zugleich, 
dann drei Kliinge auf dem Klavier zu spielen. Wurde 
nacher abberufen an den Ort, wo Ph. Reis und Opel die 
Tone in Empfang nahmen, und wurde aufgefordert die 
Reihenfolge meines Spielens auf dem Klavier zu sagen. 
Zum grossen Vergniigen des Hrn. Opel hatte derselbe 
genau die Tone notirt, die ich gespielt hatte. Aus- 
genommen war der Ton c., ich hatte das gestrichene c. 
unter der ersten Linie angeschlagen, wihrend Hr. Opel 
das c. im dritten Zwischenraum notirt hatte. Bei diesem 
Versuche sind auch Worte iibertragen worden, ja sogar 
Saitze und ganze Abhandlungen. Wir konnten die 


Worte ziemlich deutlich verstehen, dies war jedoch nur 
dadurch méglich dass der Zuhérer ein zweites Exemplar 
desjenigen Buches in der Hand hatte, aus welehem 
gelesen wurde. Worte die auf s. oder r. endigten, waren 
undeutlicher zu verstehen. Bei dem ersten Versuch 
stand das Klavier im ersten Stockwerke, eine 'Treppe 
hoch, wiihrend die Zuhérer, Hr. Professor Opel und Reis 
in einem ca. 30 m. entfernten kleinen Zimmerchen in 
der Scheune hinten dem Garten sich befanden. Der 
Draht ging vom Klavier aus durch Hof, Scheune, bis in 
das betreffende Zimmer. . Bei den Vorlesungen befand 


ich mich mit Ph. Reis und Opel in diesem Zimmer, der 


Sprecher befand sich in dem Reis’schen Hause, in wel- 
chem Zimmer kann ich jedoch nicht angeben. Vorer- 
wahnte Versuche fanden in Friedrichsdorf statt. 

Bei den Versuchen war Reis stets zugegen, ohne ihn 
fanden in meiner Gegenwart keine Versuche statt. 

To the fifth interrogatory he saith: Yes. Such ex- 
periments very often took place in my presence. Among 
our other experiments I will only mention the one at 
which Prof. Opel of Frankfort was present. At this 
experiment I was requested to play upon the piano 
single tones, then two tones at the same time, then 
trichords. 

Afterwards I was called to the place where they 
were by Messrs. Reis and Opel, who were listening to 
the tones, and was requested to notice carefully the 
order of my playing upon the piano. To the very great 
delight of Mr. Opel, he had written down the 
tones exactly as I played them. There was an excep- 
tion in the case of the tone C. J had struck the C of 
the first added line below, while Mr. Opel had written 
down the C in the third space of the seale. In these 
experiments there were also transmitted words, long 
sentences and whole paragraphs. We could understand 
the words quite plainly; this was, however, only 
possible by the listener having in his hand a second 
copy of the book out of which one was reading. Words 
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ending in s or 7 were less clearly understood. In the 
first experiment the piano was in the first story, while 
the listeners, Prof. Opel and Reis were in a little room 
in a shed about thirty metres distant, at the end of the 
garden. The wire extended from the piano through 
the court to the shed and into the above-mentioned 
room, While the reading was going on I was with 
Messrs. Reis and Opel in this room. The speaker was 
in Reis’ house, but in what room I cannot say. The 
above-mentioned experiment took place in Friedrichs- 
dorf. Reis was always present at the experiments, and 
no experiments took place in my presence without 


him. 

Int. 6. Ifin answer to the last interrogatory you shall 
have named any occasion or occasions such as are in 
that interrogatory referred to, please state the names of 
all persons present on each occasion, as nearly as you 


can remember, and the character and results of the ex- 


periments then carried on, and especially the results 
thereof, so far as they related to the transmission of 


articulate speech or other vocal sounds, or to the trans- 


mission of sounds other than vocal sounds, and partic- 


ularly whether any articulate words, spoken or sung, 


were sent and received, and the words or sentences, so 


far as you can remember them, and whether such words 


or sentences as you may give were all which were so 


sent and received ? 


Fiir seine Antwort auf die sechste Frage sagt Zeuge 


wie folgt aus: 

Professor Opel aus Frankfurt, Lehrer Keep ; Lehrer 
Monch, z Zt. in Frankfurt; Lehrer Bachmann, aus 
Friedrichsdorf; Professor Garnier, aus Frankfurt ; 
Lehrer Dr. Schenk, aus Friedrichsdorf; die Transmis- 
sion von artikulirten Worten war nicht verstiindlich 


genug, damit der Apparat in Gebrauch gesetzt werden 
konnte Die Transmission von Stimmténen und Musik- 
ténen war sehr cdeutlich; artikulirte, gesprochene und 


gesungene Worte wurden auf eine Entfernung von un- 
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vefihr 30 Meter gesandt und empfangen; einzelne 
Worte oder Siitze, die gesprochen wurden, weiss ich 
nicht mehr. 
To the sixth interrogatory he saith: Prof. Opel, of 
Frankfort ; the teachers Keeb, Monch, at that time in 
Frankfort, Bachmann, of Friedrichsdorf, Prof. Garnier, 
of Frankfort, and Dr. Schenk, of Friedrichsdorf. The 
transmission of articulate words was not plain enough 
so that the apparatus could be brought into use. The 
transmission of vocal tones and music tones was very 


plain; articulated, spoken, and sung words were trans- 
mitted and received at a distance of about thirty 
metres. I do not recall the single words or sentences 


that were spoken. | 

Int. 7. Look at the pictorial representations hereunto 
anrexed and marked, and_ state whether you 
recognize in any of them representations of instruments 
used in any experiments to which you may have _testi- 


fied for the transmission of speech or other sounds by 


electricity ; and if you answer yes, state which of the 


drawings you so recognize, and say whether, according 


to your recollection, such drawings accurately show such 


instruments ; or, if any of them differ in any way, 
wherein they differ. If you say that none of the in- 
struments shown in these pictorial representations were 


used, please describe as nearly as you can the instru- 


ments actually used in the experiments concerning 


which you may have testified ? 
Fiir seine Antwort auf clie siebente Frage sagt Zeuge 


> 


wie folgt aus: 
Ich habe die erwiihnten bildlichen Darsteliungen an- 
gesehen, und erkenne das Bild 2 A, 5 A, 5 B als von 


Reis gebrauchtes, so weit ich mich erinnern kann an. 
To the seventh interrogatory he saith: I have looked 

at the illustrations mentioned, and recognize the in- 

struments 2A, 5A and 5B, as those used by Reis, as 

nearly as I can remember. 

Int. 8. If you shall have answered that you were ever 
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present at experiments such as are referred to in the 
5th, 6th and 7th interrogatories, and that articulate 
speech or any vocal sounds were transmitted, state 
whether entire sentences were transmitted and received, 
or only single words, and state also, if you can what 
sentences or words then spoken or sung were heard by 
you at the receiver, and what, if any, were reported by 
others then listening at the receiver. Explain for the 
information of the Court the respective position of the 
transmitting and receiving instruments, your position 
with reference to each, and your position with reference 
to any person who reported any words or sentences 
spoken or sung as having been received ? 

Fiir seme Antwort auf die achte Frage sagt Zeuge 
wie folgt aus: 

Ich erinnere mich noch sehr gut, dass ganze Worte und 
Siitze gesprochen wurden, ich dieselben auch gehort 
habe, mich jedoch derer nicht mehrerinnere. Ich weiss 
nicht, ob andere mir umstehende Personen, als ich, am 
Sprecher gelauscht habe, mir gesagt haben, dass sie 
auch etwas verstanden. 

Das eine Instrument, an dem der Sprecher stand, 
hatte ein von Reis sogenanntes ‘ Ohr” in der Hand, 
sprach hinein ; der Lauschende hielt dasselbe Instru- 
ment an sein Ohr. Ich habe nur an dem Instrument 
gelauscht; der Sprecher stand ca. 30 meter enfernt ; ich 
habe blos zugehort, nicht selbst hinein gesprochen. 

To the eighth interrogatory he saith: I remember 
very well that whole words and sentences were spoken 
and I have also heard the same, though I cannot now 
remember them. Ido not remember whether other 
persons standing around while I listened to the talking 
have told me that they also heard something. The 
speaker stood at one instrument, had in his hand the 
instrument called “ear” by Reis, and spoke into it; 
the listener held the instrument to his ear. I have 
only been a listener at the instrument; the speaker was 
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distant from me about thirty metres. I have only 
listened and never spoken into the instrument. 

Int. 9. State also if you saw the said Reis use any 
water or other fluid in or about his apparatus, or any 
part thereof, and particularly how the same was used, 
and for what purpose, if you know? 

Fiir seine Antwort auf die neunte Frage sagt Zeuge 
wie folgt aus : 

Ich habe nie den Reis irgend welche Fliissigkeit an 
seinen Apparat zur Anwendung bringen sehn. 

To the ninth interrogatory he saith: I never saw 
Reis put any liquid whatever in his apparatus. 

Int. 10. Do you know or can you set forth any other 
matter or things which may be a benefit or advantage 
to the parties at issue in this cause, or either of them, 
or that may be material to the subject of this your ex- 
amination or the matters in question in this cause. If 
yea, set forth the same fully and at large in your answer ? 

Fiir seine Antwort auf die zehnte Frage sagt Zeuge 
wie folgt aus : 

Nein. 

To the tenth interrogatory he saith: No. 


CROSS-INTERROGATORIES. 
KREUZFRAGEN. 


x-Int. 1. In what year were you born? 

Fiir seine Antwort auf die erste Kreuz-frage sagt 
Zeuge wie folgt aus : 

Ich wurde im Jahre 1821 geboren. 

To the first cross-interrogatory he saith: I was born 
in the year 1821. 

x-Int. 2. What is your present occupation, and how 
long have you been engaged in it ? 
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Fiir seine Antwort auf die zweite Kreuz-frage sagt 
Zeuge wie folet aus : 

Kine gegenwiirtige Beschiiftigung habe ich nicht. 

To the second cross-interrogatory he saith: I have 
at present no employment. 

x-Int. 3. What was your occupation, and where did 
you reside from 1860 to 1864 ? 

Fiir seine Antwort auf die dritte Kreuz-frage, sagt 
Zeuge wie folgt aus, 

Meine Beschiiftigung war Lehrer. Von 1860-1864 
wohnte ich in Friedrichsdorf. 

To the the third cross-interrogatory he saith: My 
employment was teaching. From 1860 to 1864 I lived 
in Friedrichsdorf. 

x-Int. 4. When were you first asked to testify about 
the Reis machine, and by whom ? 

Fiir seine Antwort auf die vierte Kreuz-frage, sagt 
Zeuge wie folgt aus: 

Ich bin noch nie um gerichtliche Aussage ersucht 
worden. 

To the fourth cross-interrogatory he saith: I have 
never been asked for legal testimony. 

x-Int. 5. Did not Mr. Stetson, of the United States, 
talk with you on the subject during the past year ? 

Fiir seine Antwort auf die fiinfte Kreuz-frage, sagt 
Zeuge wie folgt aus : 

Nein. 

To the fifth cross-interrogatory he saith : No. 

x-Int. 6. Did he not say to you that he represented 
the United States of America in an effort to prove that 
Reis, and not Bell, was the first inventor of the speak- 
ing telephone; and state fully what he said on the 
subject ? 

Fiir seine Antwort auf die sechste Kreuz-frage, sagt 
Zeuge wie folgt aus: 

Nein. 
To the sixth interrogatory he saith: No. 
x-Int. 7. If you shall say in your direct examination 
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that you had special knowledge of the Reis telephone, 
explain how it happened that you knew more about it 
than Reis, Bottger and other scientific men who pub- 
lished their knowledge of the subject ? 

Fiir seine Antwort auf die siebente Kreuz-frage, sagt 
Zeuge wie folgt aus ; 

Ich glaube nicht mehr Kenntniss, wie Reis und Bott- 
ger, von dem Telephon zu haben. 

To the seventh cross-interrogatory he saith : I do not 
pretend to have more knowledge of the telephone than 
Reis and Boettger. 

x-Int 8. Do you know of any publications made be- 
fore 1876 which gave to the world the information you 
now think you then had; and if so, name them and 
produce copies ? 

Fiir seine Antwort auf die achte Kreuz-frage, sagt 
Zeuge wie folgt aus: 

Ich habe keine Druckschriften, welche vor dem Jahre 
1876 erschienen sind, und die Information iiber das 
Telephon enthalten. 

To the eighth cross-interrogatory he saith: I have 
seen no publications which appeared before the year 
1876, containing information in reference to the tele- 
phone. 

x-Int. 9. If you should say that you held up conver- 
sations through the Reis telephone before 1876, say 
who assisted you, when it was, and describe the appa- 
ratus you used, and where the speaking instrument was 
placed in respect to yourself or the other listeners who 
heard it with you. Was it on the table, and were you 
standing near it? Was it in a public assembly, and 
was it heard by the persons present generally ? Where 
was the transmitter, and who talked to it on the ocea- 
sion when you heard the conversation, or reading ? 
Were the exhibitions published in newspapers or journ- 
als; and if so, name the journals and annex copies ? 

Fiir seine Antwort auf die neunte Kreuz-frage, sagt 
Zeuge wie folgt aus : 
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Es war niemand behiiflich, wie Ph. Reis und sein 
Schwager; es war dies Anfangs der sechziger Jahre ; 
ich benutzte das sogenannte “ Ohr,” an welchem ich 


lauschte. welches die nachstehende Form hatte 
b b] 


und an der engern Seite mit einer Schweineblase iibezo- 
gen war. Man hatte das Sprech-instrument in der Hand 
gehabt. Die Nebenstehenden mussten der Reihenfolge 
nach, das Instrument an’s Ohr halten. Gewoéhnlich 
hat man das “ Ohr” auf den Tisch gestellt, und sich { 
daneben gesetzt und an’s Ohr gehalten. Es war in der 
Wohnung des Ph. Reis in Friedrichsdorf. Das In- 
strument stand vorne in Wohmhaus, und ein Schwager 
von Ph. Reis sprach auf dasselbe zu; diese Versuche 


wurden nicht veréffentlicht. 

To the ninth cross-interrogatory he saith : There was 
no one helping in the experiment, except Mr. Reis and 
his brother-in-law. It was at the beginning of the six- 
ties. I used the so-called ear at which to listen ; this 
had the following form, and was covered at the 
narrow end with a pig’s bladder. The receiver was 
held in the hand, and those standing around must take 
their turn at holding the instrument to the ear. Gen- 
erally the ‘‘ ear” was placed upon the table, and we sat 
around and held it against ourear. It was in the 


house of Mr. Reis, at Fiiedrichsdorf. The instrument (¢ 
stood in the dwelling-house, and a brother-in-law of Mr. Y 
Reis spoke into it. These experiments were not pub- , ) 
lished. ‘ 


x-Int. 10. If you should say that Reis used water in 
his transmitter, will you explain how he prevented it 
from wetting the stretched membrane and destroying 
its elasticity ? 

Fiir seine Antwort auf die zehnte Kreuz-frage, sagt 
Zeuge aus wie folgt : 

Reiss benutzte kein Wasser, um die Membran anzu- 
feuchten. 


ie 
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To the tenth cross-interrogatory he saith: Reis used 
no water to moisten the membrane. 

x-Int. 11. Did you ever see any published account 
by Reis, or any other experimenter, of the use of 
water at the contact points of the telephone for any 
purpose ? and if so, in what publication did you see it, 
and annex a copy of it? 

Fiir seine Antwort auf die elfte Kreuz-frage, sagt 
Zeuge wie folgt aus: 

Nein. 

To the eleventh cross-interrogatory he saith: No. 

x-Int. 12. Isn't it certain that if water were applied 
at the contact point it would be scattered at once by 
the vibration of the membrane, and wet it; and also be 
decomposed by the current of electricity passing 
through it at that point ? 

Fiir seme Antwort auf die zwolfte Kreuz-frage, sagt 
Zeuge wie folgt aus : 

Ich weiss nicht. 

To the twelfth cross-interrogatory he saith : J don’t 
know. 

x-Int. 13. Who first spoke to you on the subject of 
water used by Reis to operate his telephone ? 

Fiir seine Antwort auf die dreizehnte Kreuz-frage, 
sagt Zeuge wie folet aus: 

Niemand. 

To the thirteenth cross-interrogatory he saith: No 
one. 

x-Int. 14. Have you ever seen, or read, or heard 
read, these interrogatories, or has any one stated to 
you the substance of them, or any of them, before they 
were propounded to you one at a time by the examin- 
ing officer, and answered by you ? 

Fiir seine Antwort auf die vierzehnte Kreuz-frage, 
sast Zeuge wie folgt aus: 

Nein. 

To the fourteenth cross-interrogatory he saith: No. 

ALVESTO S. Hoaug, 

Commissioner. 


RETURN. 


I, Auvesto 8S. Hoaurt, the Commissioner within 
named, do hereby certify and return to the Circuit 
Yourt of the United States of America for the District 
of New Jersey, that I have duly executed the within 
commission in manner and form as is therein and 
thereby commanded; and that the execution thereof 
will fully appear by the schedule to the said commis- 
sion and the accompanying interrogatories annexed. I 
further certify that no one was present while the depo- 
sitions were being taken, excepting myself, the within 
named commissioner, and George Fug, a clerk, em- 
ployed by me to write the answers; and that the exe- 
cution thereof will fully appear by the schedule to the 
sald commission and the accompanying interrogatories 
annexed. 

Given under my hand and seal this twenty-second 
day of December, A. D. 1886. 

ALVESTO 8S. HoaugE, 
Commissioner. 
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Reis’s Telephonic Apparatus.—Facsimile of Drawing sent by Reis to Mr. Ladd. 
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UNITED STATES SUPREME COURT. 
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THe Am. BELL TEL. Co. 
AGAINST 


THE Monuecuuar TEL. Co. 


A commission having been issued to take the testi- 
mony of Prof. Quincke, and that gentleman having de- 
clined to give his testimony : 

It is now stipulated between the parties that the let- 
ter of said Prof. Quincke, published in Prof. Thomp- 
son’s book, entitled Philip Reis, inventor of the tele- 
phone, pp. 112-113, may be read to the Court with the 
same force and eftect as if sworn to by said Prof. 
Quincke in this case, without cross-examination, sub- 
ject, however, to the same objections as made against 
the depositions of the other foreign witnesses, and that 
Prof. Thompson’s account of that meeting may be also 
read to the Court as the same is contained in the 12th 
and 13th paragraphs, pp. 93 to 95 of that book, it being 
understood, however, that Prof. Thompson was not 
present on the occasion referred to, and that the facts 
stated by him were not within his personal knowledge. 

The writings are annexed : 

WHEELER H. PecKHaM, 
Of Counsel for Molecular Tel. Co.., 
and other defendants. 
Epw. N. DIcKERSON, 
For Am. Bell Tel. Co. 
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‘“ DEAR SIR: 


“T was present at the Assembly of the German 
Naturalists’ Association (Naturforscher Versammlung) 
held in the year 1864 in Giessen, when Mr. Philipp 
Reis, at that time teacher in the Garnier Institute at 
Friedrichsdorf, near Frankfort-on-the-Main, showed 
and explained to the assembly the Telephone which he 
had invented. 

“T witnessed the performance of the instruments, 
and, with the assistance of the late Professor Boettger, 
heard them for myself. 

“The appaiatus used consisted of two parts, a trans- 
mitter and a receiver. The transmitter was a box, one 
side of which was furnished with a tube into which the 
speaking was to be done. At the top or the side of 
the box there was a circular opening, covered bya 


tympanum or membrane, upon which was fastened a 


piece of platinum. ‘This piece of platinum was in com- 
munication with one pole of the galvanic battery. 
Over the membrane, resting upon the platinum, and in 
contact with it, was a piece of metal furnished with a 
platinum point, also in connection with one pole of the 
battery. 

‘The receiver consisted of a common knitting needle 
of steel, surrounded by a magnetizing coil of insulated 
wire, which also formed a part of the circuit, the whole 
resting on a resonant box. 

“| listened at the latter part of the apparatus and 
heard distinctly both singing and talking. I distinctly 
remember having heard the words of the German poem, 
‘Ach! du lieber Augustin, Alles ist hin!’ &e. 

“'The members of the Association were astonished 
and delighted, and ueartily congratulated Mr. Reis 
upon the success of his researches in Telephony. 

“ (Signed,) 
“ Dr. G. QUINCKE, 
‘“* Professor. 


‘‘ Heidelberg, 10th March, 1883.” 
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12. “xtract from the * Twelfth Report of the Upper- 
flessian Association for Natural and Medical Science.’ 

(‘‘Oberhessische Gesellschart fiir Natur und Heil- 
kunde,” Giessen, February, 1867.) 

P. 155. Report the on doings and condition of the As- 
sociation from the Ist of July, 1863, to the Ist of July, 
1865, by Herr Gymnasiallehrer, Dr. W. Diehl. 

* * * On the 13th of February (1864). “ On the 
Tones of the Magnet, with Application to the Tele- 
phone, with experiments,” by Professor Buff. 


EXHIBITION OF THE TELEPHONE TO THE NATURALISTS’ 
ASSOCIATION OF GERMANY. (DrutTscHE NAtTurR- 
FORSCHER VERSAMMLUNG.) 


By far the most important of all the public exhibi- 
tions given by Reis of his Telephone, was that which 
took place on the 21st of September, 1864, at Giessen, 
on the occasion of the meeting of the German Natural- 
ists’ Association (Versammlung Deutscher Natur- 
forscher). Here were assembled all the leading scien- 
tific men of Germany, including the following distin- 
guished names, many of whom are still living: Prof. 
Buff (Giessen), Prof. Poggendorff (Berlin), Prof. Bohn 
(Frankfort-a-M., now of Aschaffenburg), Prof. Jolly 
(Munich), Dr. Geissler (Bonn), Prof. Weber (Géttin- 
gen), Prof. Pliicker (Bonn), Prot. Qnincke (Heidel- 
berg), Prof. Dellman (Kreutznach), Prof. Bottger 
(Frankfurt-a-M. and Mainz), Prof. Kekule (Bonn), Prof. 
Gerlach (Erlangen), Dr. J. Frick (Carlsruhe), Dr. F. 
Kohlrausch (Wiirtzburg), Prof. Reusch (‘Tiibingen), Prof. 
J. Miller (Freiburg), Prof. Helmholtz (Heidelberg), 
Prof. Melde (Marburg), Prof. Kopp (Marburg), Prof. 
A. W. Hoffmann (London, now of Berlin), Mons. Hoff- 
mann (Paris, optician), Hofrath Dr. Stein (Frankfurt- 
a-M.), Dr. W. Steeg (Homburg), Mons. Hartnack 
(Paris, and of Pottsdam), Prof. G. Wiedman (Basel, 
now of Leipzig), E. Albert (Frankfurt-a-M., mechan- 
ician), Dr. Thudichum (London), W. Schultze (York, 
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apothecary), Dr. J. Barnard Davis (Sheldon), EK. J. 
Chapman (London, chemist), Dr. L. Beck, Prof, 
Charles J. Himes (U. S. A., chemist), E. W. 
Blake (New Haven, U. S. A., student), C. G. 
Wheeler (United States Consul in Niirnburg), 
and many others. Dr. C. Bohn (now of Aschaf- 
fenburg) was Secretary of the Association, and also 
secretary of the Section of Physics. The meetings of 
this Section were held in the labratory of Professor 
Buff. [eis came over from Ff riedrichsdorf, accompa- 
nied by his young brother-in-law, Philipp Schmidt. A 
preliminary trial on the morning of that day was not 
very successful, but at the afternoon sitting, when 
communications were made to the Section by Prof. 
Buff, by Reis himself, and by Prof. Poggendorff, the 
instrument was shown in action with great success. 
teis expounded the story how he came to think of 
combining with the electrie current interruptor a tym- 
panum in imitation of that of the human ear, narrating 


his researches in an unassuming manner that won his 


audience completely to him; and the performance of 
the instrument,was received with great applause. Va- 
rious professors essayed to experiment with the instru- 
ment, with varying degrees of success according to 
whether their voices suited the instrument or not. 
Amongst these were Prof. Béttger and Prof. Quincke, 
of Heidelberg, whose account of the occasion is to be 
found on p. 112. Dr. Bohn, the Secretary of the Sec- 
tion, wrote for the “Journal” (Tagesblatt), issued 
daily, the following notice : 

13. Eatract from the report of the German Naturalists’ 
Society, held at Giessen (1864). 

‘“ Afternoon sitting on the 21st September, 1864. 

“ Pro. Buff speaks about the tones of iron and steel 
rods when magnetised, and exhibits the corresponding 
experiments. 

“ Dr. Reis demonstrates his telephone, gives there- 
upon an explanation and the history of this instrument. 

‘* Prof. Poggendorff produces tones in a metal cylin- 
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der, the slit-up edges of which touch one another 
firmly, and which is placed loosely round an induction 
bobbin, through which there goes an interrupted cur- 
rent.” 

(This occasion was the crowning point of Philipp Reis’ 
career, and might have proved of even greater im- 
portance but for two causes : the inventors’ precarious 
health, and the indifference with which the commercial 
world of Germany viewed this great invention. Where 
the keen insight of Reis contemplated the vast pos- 
sibilities opened out by the invention of a new mode of 
inter-communication others saw only an ingenious 
philosophical toy, or at best a pleasing illustration 
of certain known principles of acoustic and electric 
science. And in spite of the momentary enthusiasm 
which the exhibition of the telephone had evoked the 
interest in it dwindled away. A few of the public 
journals of that date noticed the invention in eulogistic 
terms and spoke of the prospect it afforded of com- 
munication between distant friends and of simultaneous 
concerts being given in different towns, all transmitted 
telephonically from one orchestra. But the invention 
came too early. The public mind was not prepared to 
take it up, and the enthusiasm died away. Still in a few 
of the more important books on physics, acoustics and 
electricity, the matter continued to receive attention. 
In the well-known Muller—Pouillet’s ‘ Textbook of 
Physies ” (Lehrbuch der Physik) edited by Professor J. 
Muller ; in the ‘Technical Physics” of Hessler, of 
Vienna, edited by Professsr Pisko ; in Pisko’s “ Recent 
Apparatus of Acoustics,” and particularly in Kuhn’s 
admirable * Handbook of Applied Electricity,” the 
telephone was accepted as a definite conquest of 
science, and was described and figured. From the 
works named we transcribe the extracts which follow, 
and which sufficiently explain themselves.) 
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DEPOSITION OF CHARLES R. CROSS. 
Boston, July 23, 1885. 


Direct Examination by GEORGE [L,. RopeErtTS US, of Counsel for 


Complainants. 


Int. 1. State your name, age, residence, and occupation. 

Ans. Charles R. Cross; I am thirty-seven years old ; I live in 
Boston, and am Thayer Professor of Physics in the Massachusetts 
Institute of Technology. 

Int. 2. Wow long and to what extent have you been engaged in 
the study of the physical sciences, and to what extent, if at all, have 
you been accustomed to make experiments in the several branches of 
physics, especially those relating to electricity and acoustics ¢ 
Ans. Ihave been an instructor at the Institute of Technology 


during the past fifteen years, and during that time I have been con- 


stantly engaged in the study of various branche of physics. Dur- 


ing the past eleven years | have especially investigated the subjects 
of acousties and certain branches of electricity. In the prosecution 
of my studies during this time have constantl O] caged In 
the experimental study of the subjects mentioned, and have been 


practically familiar with all the apparatus or ly used by scien- 


tific men in the investigation of sound and cle 3 

Int. 3. What attention have you given to the s} iking telephone, 
and to its principles and mode of operation ¢ | 

Ans. Ihave been familiar with the rise and development of the 
speaking telephone from its very heeinninge, havine been in frequent 
communieation with Prof. Alexander Graham Bell e since the win- 


ter of 1873-74. Iam familiar with Mr. Bell's 1 =. have inves- 


— 
4 


tigated with great care the theory upon which these nts are based, 


and am practically familiar with the struction and u {the various 
forms of instruments constructed In accordance 1 aid patents. 
During the past six years ave eonduected ry extensive 
series of experiments relating to the difierent bran of telephony, 
1 mat » capacity of ex’ rt for the America ime ) ne Company. 
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EVIDENCE FOR COMPLAINANTS. 


Int. 4. Wave you given attention to that form of telephonic 
transmitter which operates by varying the resistance of a elreult? 


Ans. During the last five years I have given special attention to 


the theory and operation of variable-resistance battery transmitters. 
I 


have made a large series of original experiments and Investigations 
upon the subject, more extensive than any that I have ever seen in 
print. I have carefully studied the distinctions which exist between 
variable-resistance battery transmitters and circuit breakers, as well 
as the differences in the electrical and acoustic effects which they 
produce in the line wire and in the receiving telephone. 

[fave you heretofore testified as a witness In any cases In 
the courts of the United States, upon the principles of the inven- 
tions set forth in patents and embodied in machines or apparatus ? 

dns. I have done so frequently. 

fnt. 6. You say you have been familiar with Mr. Bell’s patents ; 
state whether or not among these patents are those which have been 
introduced in evidence in thi marked “Ixhibit Bell Patent 
No. 174,465,” and “ Exhibit Bell Patent No. 186,787. 


Ans. The patents No. 174,465 and No. 186,787 are among those 


i) 


which I have had frequent occasion to examine. 


= 


Int. 7. Referring to the patent No. 174,465, will you explain 
the mode of operation of the apparatus referred to in the fifth claim 


of the patent, explaining, as far as may be necessary, the character 


of sounds, their action upon the apparatus, and the manner in which 


yparatus operates to produce the results which are ascribed to 


q 
tne a | 


j 
it in the patent? 
Ans. The sensation of sound is produced by the action upon the 


vibrating particles of air which are set into a vibratory 


or to-and-fro motion by the vibrations of the sounding body. The 
primary Impulse given by the sounding body to those particles of 
air immediately in contact with it is gradually transmitted from par- 
ticle to particle, n CONSeCgGuence of the elasticity of the air or other 
medium through which the sound passes. In consequence of the 
mode of action of the elasticity of the air, the motion originally 
communicated to the particles of air in contact with the sounding 
body is not transferred instantaneously to all ~ “articles ; 


but ia_capsecuenece of theiv inertia. as the ser wibrates 
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to and fro, a similar movement is impressed upon one after the 
other of the particles surrounding it. This to-and-fro motion of 
the vibrating body generates a similar minute to-and-fro motion of 
the air particles, so that they are alternately crowded more closely 
together, and separated more widely from each other, thus pro- 
ducing alternate condensations and rarefactions in the air. It is to 
these alternute condensations and rarefactions that the term “sound 
] 


Wive ” Is @iven. dl be observed that ench particle vibrates to 


and fro ina straight line in the in which the weve motion 
is propagated. If we consider that the vibration of the air parti- 
eles is produced immediately by the vibrati f the sounding 
body, we see that the motions of the air particles must be a perfect 
copy of the motions of the particles of the vibrating body. Such 
vibrations may differ in ‘three separate ways; viz., In the extent of 
the path of the vibrating particle, in the frequency of its vibration 
and in the character of its vibration. It 1s evident, in the first 
place, that the vibrating particle may, in its to-and-fro motion, trav- 
erse a longer or shorter path: in the second place, it may traverse 
this path a greater or less number of times in each second, that is, 
its rate of vibration may diifer; in the third place, while traversing 
its path it may move according to different laws of acceleration or 
retardation of its velocity; for example, its acceleration during a 
part of its course may be and In some cases is constant, or the rate 


ve, and the law of its change 


of acceleration may constantly chan: 
may vary in different ways. To the changes in the motion thus 


} 


enused. what I have called the peculiar character of the vibration is 


due. If we consider these three kinds of variation In their etfect 
upon the senses, we find that variations in the extent of the patn or 
amplitude of vibration of the particle determine, other things being ° 
the same, the loudness of the sound; the variations in the frequency 
of vibration determine the pitch of the sound; and variations in the 
character of the vibration determine what is known as the quality 
or timbre of the sound. 


In the statements which I have just made I have spoken of the 


motion of a single particle; but it is evident from the mode of 


transmission of sounrl that all of the particles of the air through 
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which the sound is conveyed partake of the various characteristics 
of vibration which I have discussed. 

[ have used the term “ quality or ¢ébre.” ~~ Quality is that pecul- 
larity of a sound by which, independently of its pitch or loudness, 
we are enabled to determine the instrument by which the sound Is 
produced; thus, for example, the note of a violin differs from the 


] 


note of a flute in quality, even though the two are the same in pitch 


and loudness. 

It is well known to scientifie men that these differences in quality, 
which, as I have snid, are due to differences in the character of the 
motions of the vibrating particle, are produced acoustically by the 
combination of a number of separate or partial tones, which can be 
shown to be produced when a particle is in vibration, and which 
partial tones differ in number, in pitch and m intensity or loudness, 
in neecordanece with differences in the character of the motion of the 
vibrating air particles. 

The lowest of these partial tones is called the “fundamental,” the 
other and higher notes “overtones.” IHIlenee, it is evident that the 


— 
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quality of a sound depends upon the relative pitch, intensity and 


number of partial tones present. In a very few exceptional cases 


only the fundamental is present, and what 1s called a simple sound 
is produced. In general, the pitch of a note is determined by the 


fundamental, the overtones determining the quality. 


I quote from a standard work on a ousties by Prof. W. F. Donkin, 


published, ()xford., LS7O (}). 1] oo 


5 


“When we speak of the pitch of the note produced by a string or 


——e 


organ pipe, We mean In fact, the pitch of the gravest simple tone 
in the combination, This particular component is in general louder 
than any of the others, and is that on which attention is fixed. The 
others become associated with it by habit, and seem only to modify 
o~ 


Via 


. 7 J . ] : . " > * °4 ! 
its character withou destroying the unity of its pitch. 


These facts, constituting what ts known as Helmholtz’s Theory of 
Quality, were first discovered by the physicist whose name the 
theory bears, and were published by him more than twenty years 
ago. The human voice owes its peculiar quality to the presence of 
ereal numbers of these partial tones; and very sheht changes in 


the partial tones will produce very considerable changes in the voice, 


ees 
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I quote from the English translation (Ellis’s), published at Lon- | 
don in 1875, of Helmholtz’s great work “ Die Lehre von den To- 


—nempfindungen” :— 


“Human speech employs these very qualitative varieties of tone 
in order to distinguish different letters ” (p. 28). 

“On inquiring to what external physical difference in the waves 
of sound the different qualities of tone correspond, we must re- 
member that the amplitude of the vibration determines the force or 
loudness, and the period of vibration the pitch. Quality of tone 
can, therefore, depend upon neither of these. The only possible hy- 
pothesis, therefore, is that the quality of tone should depend upon 
the manner in which the motion is performed within the period of 
each single vibration” (p. 28). 


“Every diverent quality of tone requires a different form of vibra- 
tion” (p. 32). 


From what I have said thus far, it will be seen that, in order to 


reproduce articulate speech, we must be able to reproduce in the 


air, vibrations which shall possess the same characteristics of pitch, 


intensity and quality —that is, of rate of vibration, amplitude of 


vibration, and character of vibration — which are possessed by the 


vibrating particles of air which are set in vibration directly by the 


organs of speech. If we can determine the speed and direction of 


motion of an air particle at each instant, and hence also the extent 


of its path, we can evidently impress upon it all three of the char- 


acteristics that I have mentioned ; and hence can produce any desired 


sound at will. 


In Mr. Bell’s patent No. 174,465 a method is deseribed by which 


te 


the motions which are produced in the air at one place, the trans- 


mitting station, can be reproduced by an electrical method of inter- 


communication at the receiving station. By means of his invention 


he is able, by the use of certain electrical apparatus, to impress upon 


the particles of air at a distant place, the receiving station, motions ‘ 


substantially identical with those which are immediately impressed 


by the voice upon the particles of air at the transmitting station. 


According to the specification, he effects this result by the use of 


the transmitter, which takes up from the air at the transmitting sta- 


a 


SJ EVIDENCE FOR COMPLAINANTS. 


tion the motions which are impressed upon it by the voice of the 
speaker, and the vibrating portion of which transmitter moves in 
substantial accordance with the movements of the air particles them- 
selves. This transmitter, being connected with a line wire join- 
ing the two stations between which speech is to be transmitted, is 
enabled, by its electrical connection with that wire, to produce in it 
electrical variations which correspond to and are similar in form to 
the motions of the movable part of the transmitter, and hence to the 
motions of the air particles which have actuated the movable part 
of the transmitter. These electrical variations, in their turn, set in 
motion a movable part of a receiving instrument with which the line 
wire is connected, and, in their turn, produce in this movable part of 
the receiver, vibrations corresponding to and similar in form to those 
electrical vibrations by which they are produced, and hence to the 
motions of the air particles at the transmitting station. The mova- 
ble part of the receiving instrument, thus vibrating, impresses upon 
the air at the receiving station, vibrations similar in form and corre- 
sponding to its own motions. 

The motions thus produced in the air particles at the receiving 
station are therefore evidently similar in form and correspondent to 
the original vibrations impressed upon the air at the transmitting 
station by the voice of the speaker at that station. This being the 
case, it is evident, from what I have said, that the sound uttered by 
the speaker at the transmitting station will be reproduced at the re- 
ceiving station. 

It appears from these facts, that Mr. Bell’s apparatus consists 
essentially of a transmitter adapted to take up the vibrations of the air 
at the transmitting station; a line wire connecting the transmitting 
with the receiving station, together with a battery or some other 
form of electrical apparatus which is capable of furnishing a supply 
of electricity, which line wire shall serve to transmit the electrical 
variations produced by the transmitter from one station to the 
other; and a receiver which, actuated by the electrical variations 
thus transmitted by the line wire, shall be caused to reproduce the 
motions of the transmitter and of the air particles by which that 


transmitter is actuated. It is true that the receiving instrument 


may not always reproduce the vibrations of the air particles at the 
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transmitting station in every minute detail, but the instrument is a 
speaking telephone only so far as it is adapted to reproduce those 
motions with substantial fidelity ; and its practical construction and 
operation must be such that these vibrations shall be substantially 
reproduced. 

It is evident that when the transmitter is in operation, variations 
in the electrical current may take place in three ways, — there may 
be a variation in either the direction of the current, the rate or vio- 
lence of change of the current, and the frequency of change of the 
current ; and from these three kinds of variations similar variations 
in the direction, rate and frequency of change of the motion of the 
movable part of the receiver will result. And hence, from these 
different electrical variations, differences in the quality, intensity 
and pitch of the sound produced by the receiving instrument will 
follow. Therefore, to reproduce articulate speech or any other 


sound in all its characteristics of pitch, intensity and quality, it is 


a 
necessary that the movable portion of the receiving instrument shall 


be constantly under the guidance of and controlled by the movable 
portion of the transmitting instrument; and in case this constant 
control is not exercised, and in precisely that degree in which it 
ceases to be exercised, the instrument becomes Incapable of trans- 
mitting articulate speech. 

No form of transmitter which operates by making and breaking 
an electrical circuit can ‘possibly transmit articulate speech or any 
other sound in its different characteristics of pitch, intensity and 
quality, for the’ reason that the constant control, of which I have 
spoken, is not exercised in such an instrument. With any circuit- 
breaking instrument the loudness and quality of the sound produced 
at the receiving station are dependent solely upon the physical con- 
struction and action of the receiving instrument itself, and of the 
battery or other source of electricity by which the transmitter is 
acted upon. The intensity and quality of the sound produced at the 
receiving station are, therefore, with such an instrument, entirely 
. independent of the intensity and quality of the original sound pro- 
duced at the transmitting station. It is for this reason that an 
instrument of this class, such as, for example, the well-known Reis 
instrument, operating in the manner described, is incapable of trans- 
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mitting either intensity or quality, and hence is incapable of trans- 
mitting articulate speech 

As will be seen from what I have already said, the Reis trans- 
mitter, or any other transmitter which operates by making and 
breaking the circuit, is capable of transmitting pitch, and pitch only. 

I quote further, from the English translation (published 1875) of 
Helmholtz’s great work : — 

* Pitch depends solely on the length of time in which each single vi- 

] y on gth 0 ) gl 

bration 7s executed, ov, which comes to the same thing, on the vibra- 
tional number of the tone. Weare aceustomed to take a second of 
time asthe unit, and consequently mean by vedrational number, the 
number of vibrations which the particles of a sounding body perform 
in one second of time” (p. 17). 


The essential difference between the electrical changes produced 
by the Reis transmitter and the changes produced by the apparatus, 
Fig. 7 of the Bell patent No. 174,465, when spoken to, is that the 
action of the Reis apparatus serves to break up into successive and 
disjunctive fragments a current of substantially uniform strength. 
This is a merely intermittent current. The frequency of its inter- 
mittences is the same as the frequency of the air vibrations which 
give rise to what is known as the pitch of the sound acting upon the 
transmitter. The apparatus, Fig. 7 of Mr. Bell’s patent, on the 
other hand, produces when spoken to a series of electrical changes 
which in their character correspond to and substantially copy the 
changes which take place in the air performing the sonorous vibra- 
tions to be transmitted. The apparatus of Reis was intended to 
produce mere intermittences, the frequency of which corresponded 
to the pitch of the sound transmitted. The apparatus of Bell, on the 
other hand, was not intended to produce intermittences: nor is its 
operation due to their production. The declared purpose of the 
invention is to produce electrical variations, which in their form 
copy the vibrations of the air. This is the distinction between the 
mode of operation of one apparatus and the mode of operation 
of the other. It is the employment of the electrical changes due 
to and constituting one mode of operation as distinguished from the 


other, that is insisted upow by Mr. Bell in his patent and specified 


in his claim. It is because Mr. Reis employed the one mode of 
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operation that his apparatus is not a speaking telephone, and it is 
because Mr. Bell employed the other that his apparatus ts. 

There is also another reason which prevents a Reis transmitter 
or other circuit-breaking instrument from transmitting articulate 
speech; this is the effect of the interruptions of the current in pro- 
ducing a loud and disagreeable noise in the receiver, which of itself 
would be sufficient to overpower and obliterate those fine shades of 
variation upon which differences in quality depend. 

In fact, this noise is so marked that an ordinary battery transmit- 
ter can be used as a telephonic call by so operating it as to cause it 
to actually make and break the electrical circuit. Under these cir- 
cumstances, the noise which proceeds from the receiving instrument, 
which, when the transmitter is used in a normal and proper manner, 
ean be heard only by one close to the instrument, is capable of being 
heard throughout a large room. 

Int. 8. You have described the operation of a speaking telephone 

apparatus when transinitting speech as set forth in the specification 
of Mr. Bell’s patent, No. 174,465. Will you now state briefly what 
is the function and importance of the similarity between the vibra- 
tions of the air accompanying sounds uttered into the transmitter 
and the electrical undulations which are caused in the apparatus 
while transmitting speech, as particularly referred to in the fifth 
claim of Mr. Bell’s said patent, which is as follows :— 
“5. The method of and apparatus for transmitting vocal or other 
sounds telegraphically, as herein deseribed, by causing electrical 
undulations similar in form to the vibrations of the air accompany- 
ing the said vocal or other sounds, substantially as set forth” ? ; 


Ans. It is because of this similarity that speech is transmitted. 
In a perfect instrument the motions of the receiver are both the 
effect and a copy of these electrical variations. Since these electri- 
eal variations are a copy of the motions of the transmitter, it follows 
that the motions of the receiver are a copy of those of the trans- 
mitter ; if substantially this action takes place, speech is transmitted, 


otherwise speech is not transmitted. 


Int. 9. You speak of the sound waves, and explain the mode in 


which they are produced. Do you understand that the actual exist- 
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ence of these sound waves has been demonstrated, or is accepted as 
a fact by scientific men? 

Ans. The existence of such sound waves has been accepted as a 
fact by scientific men for several hundred years. Within a few years 
past they have been visibly shown to exist, by a method which de- 
monstrates the existence of alternate condensations and rarefactions 
to the eye. 

Int. 10. Has any method of representing such waves been 
adopted ; and if so, what is it? 

Ans. It is customary among physicists to represent the motions 
of the particles of a sound wave, and also the variations in conden- 
sation and rarefaction at different points in a sound wave, by a 
eraphical method. Ican best illustrate this by reference to a dia- 


gram which I produce, to be incorporated in my answer. 


bg 


Na 


baat 


The curve in the diagram is what is called a sinusoidal curve, 
such as corresponds to the sound waves produced by a simple 
sound, consisting of a single note without overtones. Such a 
sound can be produced by a tuning fork, mounted on a resonant 
case, and bowed in a manner suitable for this purpose. O X 
is divided into a number of equal spaces, to represent equal 
periods of time. The length of these spaces is purely arbitrary. 
The distances from O to the beginning of any one of these divisions 
are called abscissas. From each of these points on O X, represent- 
ing successive intervals of time, lines are drawn parallel to O Y, 
and proportional in their relative lengths to the distances of the 


particle from the point of rest at the successive periods of time. 
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In the case of the particle pursuing a simple vibration, these mag- 
nitudes will increase to a maximum, which will be attained at the 
instant when it reaches the extremity of its path; they will then 
diminish as it comes back to the starting point; and as it passes 
beyond it, moving in the other direction, they will be indicated by 
distances measured off below the line O X. Joining then the 
extremities of the perpendicular lines, we obtain a broken line some- 
what resembling a curve; and if we put the perpendicular lines 
close enough together, the broken line joining their extremities 
hecomes a curve. This curve is determined by the length of two 
sets of lines or distances, — the chscissas measured on O X, and 
the ordinates measured parallel to O Y. In the case stated, the 
starting point is assumed to be inthe middle of the path (e. g., the 
position of a pendulum when at rest), and the motion is measured 
in both directions from it; 2@. e., the curve is on both sides of the 
line, and part of the ordinates have one direction, part the other. 
But the point from which the measurements are taken is purely 
arbitrary ; and the line O X, which represents this point, might be 
placed lower down and tangent to the lowest part of the curve. In 
that case the curve would not change its character, but the ordinates 
would all be measured in one direction and on one side of O X. 
Algebraically expressed, they would all be + quantities, instead of 
being alternately + and — quantities, m the two branches of the 
curve ; only the + quantities would be greater than shown in the dia- 
oram. Inthe case indicated by the diagram, we should consider that 
an increase in the leneth of the ordinates, in passing from one to the 
next, signified motion in one direction, and a decrease signified mo- 
tion in the other direction. In this method of representation one 
set of lines, measured along O X, corresponds to the period in which 
the movement is executed, or its freguency; and the other meas- 
ured along O Y, to the amplitude or extent, and also to the direc- 
tion of the motion; and these measurements express frequency, 
amplitude and direction. The same curve will represent the extent 
of rarefaction and of condensation of the air produced by the move- 
ment of the particles, and also, when correctly interpreted, the mo- 
ion and the varying velocity of the particles. 

It is from this habit of graphical expression that a vibration is 
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commonly spoken of among physicists as having “form”; form of 


vibration is 2 phrase used to signify the ~ character ” of a vibration, 
as I have explained it. 

[It must be remembered that this curve does not represent the 
] 


path of the moving particle; that always moves to and fro in a 


straight line. This curve is merely a convenient form of expressing 


to the eve the character and varintion of the motion. 


I quote again from the work of Ilelmholtz :— 


“To render the law of such motions more comprehensible to the 
eve than is possible bv lengthy verbal descriptions, mathematicians 
and physicists are in the habit of applying a graphical method, 
Which must be frequently emploved in this work, and should there- 


fore be well understood” (p. 29). 


The writer then deseribes the method of drawing acoustic curves, 


and continues :— 


“Physicists, then, havine in their mind such curvilinear forms 
representing the law of the motion of sounding bodies, speak briefly 
of the form of vibration of ‘a sounding body, and assert that ¢he 

4] 
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"TT have by no means unfrequently found even physicists start 
on the false hypothesis that the vibrational form must exhibit little 


waves corresponding to the several audible upper partial tones ” 
(Pp. Jo). 

° The reader niust hea -Y nad (hist when We apply the term 
‘compound’ to the vibrations produced by a sinele musical instru- 
ment, the “composition ’ has no xistence except for our auditory 
perceptions or for mathematical tl vy. In reality, the motion of 
the particles of the air is not at all compound; it is quite simple, 
flowing from a sinele source” (p. 189). 


Int. 11. If you ean produce from any scientific work a diagram 
representing the manner in Which overtones are combined with a 
fundamental to give quality to sound, different from that due to the 
fundamental alone, and representing the form civen to the curve as 
the result of all the vibrations, will you do so, stating the source 
from which you derive it, and explaining, as far as you think neces- . 


sary, the diagram ? 
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Ans. The following diagram, taken from “Mayer on Sound,’ 


p. 153, represents the motion of a particle under the influence of 


sound waves :— 


Tiie curves at ¢ 6 represent six sound waves of six simple sound. 
When these are sounded together as fundamental and overtones. 
and with relative intensities corresponding to the amplitude of the 
curves, as drawn, so as to produce a sound having the quality due 
to this combination, the vibrational “form.” as it is called. of the 
sound perceived by the ear is represented by the curve at cd. The 
set of vibrations which constitutes one complete vibration is shown 
twice between ¢ and d. The entire “form” or character of this 
curve can be determined and controlled, as already stated, by deter- 
mining or controlling for each point, the leneth of the abscissa and 
of the ordinate for that point, or in other words, determining or 
controlling, the elements of time or frequency, amplitude or inten-' 
sity and direction; but it is obvious that it will require very many 
measurements of abscissas and ordinates to determine or control 
the “form” of each complete set of vibrations. 

The curve representing one set of vibrations is about three inches 
long; and it is apparent, even to a casual observer, that by taking 
the ordinates as little as one eighth of an inch apart, we should miss 
the little twists, which most strikingly represent to the eye the 
“quality ” or the etfect of the overtones in this vibrational form, and 
which are equally important to the “quality” of the sound as per- 
1 
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ceived by the ear; and, as in the articulate speech of a woman. 
there are twenty -tour thousnod of these COME fe sets in cl minute, it 
will be obvious that in order to re produce this vibration the control 


mniust be exercised, not merely twenty-four thousnnd times a minute, 


mut reaiiyv Without any inferruption or cessation whatever. 
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Jr. of Brown University. and deseribed ino Si//iiaies Journal for 


July, LNG. These curves were produced ny reilecting ad Pay of 
lieht from a mirror so attached to the plate of a speaking tele- 
phone that the vibrations of this plate were communicated to the 
mirror. The reflected ray is caused to act photographically upon a 
sensitized plate of glass, the mirror at the sume time being caused 
to vibrate by the action of the voice Upon the telephone plate. On 


rapidly moving the plate of glass in a direction at right angles to 
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that in which the reflected ray Was eaused to vibrate by the vibra- 
tions of the mirror, a photographed representation of the complex 


Vibrations of the mirror was produced. 
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VOW? Is. nil Lie rapidly CHUN Vibrations produced 11) the Cause 
of a - cen sentence, are very beautifully shown. According to 
the statement made by Prof. Binke in the article referred? {o, the 
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me are magnified in the secompnanvine cuts one hun Ired and 


twelve times. Notwithstanding the accuracy of Prof. Blake’s draw- 
ings, the mere thickness of the lines in the woodeut is sufficient 
to obliterate many of the more delicate variations in those vibra- 
tions which characterize articulate speech. 

Int. 13. Referring again to the first Bell patent, No. 174,465, to 
which your attention has been called, will you state what the mov- 
Ing parts are which you have referred to us heing put in motion by 
sound waves, or by variations of currents produced by sound waves ? 

Ans. In Fig. 7 the transmitter possesses a movable armature, ¢, 


one end of which is hinged, while the other is so attached to a mem- 
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brane at a that when this membrane is set in vibration by the utter- 
ance of a sound into the cone A, the armature shall be caused to 
take up the vibrations of the membrane. By the vibration of this 
armature, as it approaches nearer to or recedes from the pole of 
the electro-magnet 6, in accordance with the well-known laws of 
magneto-electric induction, electrical undulations or waves are pro- 
duced in and transmitted by the line wire e. The receiving instru- 
ment which is in electrical connection with the line wire possesses 
an electro-magnet f, whose magnetic strength varies in accordance 
with the elec:rical variations produced in the line wire in the man- 
ner described. In front of this electro-magnet of the receiver, and 
opposite its pole, is a vibratory armature of inductive metal, hinged 
at k, and connected at 7 with a membrane stretched over the larger 
end of the cone L, so that variations in the magnetic strength of the 
electro-magnet /, produced by electrical variations in the line wire 
e, produce variations in the armature /, and consequently in the 
attached membrane, so that this attached membrane vibrates in cor- 
respondence with the motions of the membrane of the transmitting 
instrument, and therefore in correspondence with the vibrations of 
the voice by which the membrane of the transmitter is actuated. I 
should have said that the vibrating armatures of both the transmit- 
ting and receiving instruments are of iron or other inductive metal ; 
and I would also call attention to the fact that the hinged end of 
each of these vibratory armatures is in magnetic connection with 
that pole of the electro-magnet which is farthest from the vibrating 
part of the armature itself; this mode of connection serving to 
increase to a certain degree the magnetic strength of the apparatus. 

Int. 14. Will you explain a little more in detail the functions of 
the battery represented in Fig. 7 of the Bell patent of which you 
have been speaking, and the manner in which the undulations in the 
current are produced in the apparatus represented in that figure, and 
in what way the undulatory current acts in the receiving instrument 
to produce the proper results? 

Ans. The magnets 6 and fin Fig. 7 are electro-magnets, having 


soft iron cores, which cores are magnetic only when a current of 


electricity is passing through the coils surrounding them. The 


object of the battery shown in Fig. 7 is simply to produce this cur- 
a 
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rent, which shall cause the cores to be kept magnetized. The arma- 
ture c of the transmitter, which is of iron or other inductive metal, 
will, as it moves to and fro, alternately increase and diminish the 
magnetic streneth of the magnet 4. These variations of magnetic 
strength will correspond to the various changes in motion of the 
vibrating armature. In accordance with the well-known laws of 
magneto-induction, as discovered by Faraday, every change in the 
magnetic strength of the core of the electro-magnet 4 will produce 
corresponding changes in the current of electricity which passes 
through the line wire e. These variations in the strength of the cur- 
rent will cause corresponding variations in the magnetic strength of 
the electro-magnet 7, and these variations in the strength of the mag- 
net will act immediately upon the vibratory armature at 4. An in- 
crease of strength in the magnet £ will cause the armature to approach 
to the magnet, while diminution of magnetic strength will allow the 
armature, under the influence of the tension of the membrane to 
which it is attached, to recede farther from the pole 7. Hence, under 
the influence of the varying magnetic strength of 7, the vibratory 
armature at 2 will execute vibrations corresponding to these changes 
in magnetic strength, and therefore corresponding to the changes in 
the electric current in the line wire e, to the changes in the magnetic 
strength of the magnet 4, and therefore corresponding to the varia- 
tions in the motion of the vibratory armature at ¢, when moved by 
the vibrations of the membrane with whieh it is in contact. The 
membrane of the receiving instrument at 7 will therefore vibrate in 
correspondence with the membrane @ of the transmitting instrument. 

Int. 15. Please state briefly the principal scientific facts which 
you find set forth, and correctly set forth, in Mr. Bell’s patent No. 
174.465, of March 7, 1876, with reference to the apparatus shown 
in Fig. 7, and its operation, and which bear upon the question 
whether the patent, so far as that apparatus is concerned, is a patent 
for an electrical speaking telephone. 

Ans. The speaking telephone is shown in Fig. 7 of the patent. 
In the body of the specification and in the claim, the patentee de- 
scribes the nature of the operation which will take place when a 


sound is uttered into the transmitter by the human voice. I know, 
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as a matter of scientific knowledge, that when spoken to this is the 
kind of operation which it theoretically will perform, and the only 
kind of operation which it theoretically can perform. 

The patentee then asserts the consequence of that operation with 
that apparatus to be that a similar sound to that uttered into the 
transmitter is then heard to proceed from the receiver. This action 
is theoretically the necessary consequence of this operation of the 
apparatus. I know from actual trial, that this operation would be so 
well performed by a set of instruments constructed according to the 
instructions of the patent, and without further invention, that the 
listener at the receiving end will recognize and understand the words 
spoken at the transmitting end. 

That feature to which the most prominence Is given in the specifica- 
tion is the similarity of form between the sound vibrations which 
actuate the instrument and the electrical undulations due to them. 
This is expressly mentioned in the following sentences of the speci- 
fication: “ These undulations are similar in form to the air vibrations 
caused by the sound — that is, they are represented graphically by 
similar curves.” 

This is the only feature specifically mentioned in the claim, which 
reads as follows :— 

“5. ‘The method of, and apparatus for, transmitting vocal or other 
sounds telegraphically, as herein described, by causing electrical 
undulations, similar in form to the vibrations of the air accompany- 
ing the said vocal or other sounds, substantially as set forth.” | 


This feature of similarity in form between the electrical undula- 
tions and the air vibrations producing them secures the transmission 
of quality. It has no purpose, function or effect, exe ‘pt the trans- 
mission of quality, which includes articulate speech. This corre- 
spondence of form is the essential electrical novelty which distin- 
guishes this apparatus from all others knowa to the community 
before it. 

Int. 16. Do you find any mode suggested in the patent as an 
alternative one to that you have described, of producing the varia- 
tions or undulations in the current between the transmitter and 
receiver; if so, will you quote from the specification the language 


which refers to such other mode ? 
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Ans. It was well known to electricians, long before the date of 
Mr. Bell’s first patent, that the strength of an electrical currrent can 
be varied, either by increasing the electro-motive force of the 
source of electricity or by diminishing the resistance of the circuit, 
and conversely, in accordance with the well-known law of Ohm, 


Klectro-motive Foree 


Strength of Current ==<ccsistance vl Circuit, 

In the apparatus which I have described, Mr. Bell explains a 
mode of producing these electrical undulations by varying the 
electro-motive force. He also clearly recognizes the possibility of 
producing such undulations by varying the resistance of the circuit. 


In his specification No. 174,465, I find the following :— 


* Electrical undulations may also be caused by alternately increas- 
ing and diminishing the resistance of the circuit. The internal 
resistance of a battery is diminished by bringing the voltaic elements 
nearer together, and increased by placing them farther apart. The 
reciprocal vibration of the elements of a battery, therefore, occasions 
an undulatory action in the voltaic current. The external resistance 
may also be varied — For instance, let mercury or some other liquid 
form part of a voltaic circuit, then the more deeply the conducting 
wire is immersed in the mercury or other liquid the less resistance 
does the liquid offer to the passage of the current. Tenee, the vibra- 
tion of the conducting wire in mercury or other liquid ineluded in 
the circuit occasions undulations in the current. The vertical vibra- 
tions of the elements of a battery in the liquid in which they are 
immersed produces an undulatory action in the current by alter- 
nately increasing and diminishing the power of the battery.” 


Int. 17. If electricians have been in the habit of stating, in alge- 
braic terms, the law to which you have referred, will you give the 
form of expression which has been used, explaining the symbols, 
and state how long that law has been known, and whether or not it 
is one which has been found of use in the practical application of 
electricity ? 

Ans. The law of Ohm is usually expressed by a formula c — in 
which c is the streneth of the current; E the electro-motive force, 
that is, the force producing the current; and Rr the total resistance 
of the circuit. Ohm’s law was, if I recollect rightly, first stated 
by him in the year 1827. For the last thirty years its importance 


has been fully recognized by physicists, and it has been applied by 
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constructors of electrical apparatus in determining the dimensions 
and arrangement of the different parts of such apparatus. 

Int. 18. In your judgment, does the substitution of one of these 
ways of varying the current for the other substantially change the 
character of the described apparatus as an apparatus for transmitting 
sounds, or substantially change the method by which sounds are 
tran-mitted or reproduced. 

Ans. Speaking as a scientific man, I should say that it does not. 

Int. 19. Have you examined and tested the instruments marked 
“Exhibit Defendants’ Transmitter” and “Exhibit Defendants’ Re- 
ceiver” in this case? If so, for what purpose do you find them to 
be adapted, and what has been the result of your tests with them? 

Ans. Ihave examined and tested the instruments referred to, 
namely, Exhibit Defendants’ Transmitter and Exhibit Defendants’ 
Receiver, and I find that they are, from their construction and 
method of operation, adapted, when suitably connected with a 
battery, to transmit articulate speech. I have, in fact, so connected 
them, and transmitted articulate speech by means of them. 

Int. 20. When so connected and used for that purpose, what 
substantial likeness, if any, does the apparatus thus constituted, 
and the method by which it operates to transmit speech, bear to 
the apparatus and method described in the patent to Bell of which 
you have been speaking, and referred to in the fifth claim thereof? 
And in making this comparison, state whether or not in your judg- 
ment the defendants’ said instruments, when so used, embody the 
invention described in said patent and referred to in said claim. 

Ans. The apparatus to which I have referred in my last answer, 
Exhibit Defendants’ Transmitter and Exhibit Defendants’ Receiver, 
when connected and so operated as to transmit articulate speech, 
uses the method invented by Mr. Bell, and described in his specifica- 
tion No. 174,465, for transmitting vocal or other sounds telegraphi- 

‘ally, by causing electrical undulations similar in form to the 
vibrations of the air accompanying such sound. The instruments in 
question most certainly embody the invention which Mr. Bell 
deseribes in his specification referred to, and when used in the trans- 


mission of articulate speech constitute an apparatus which is sub- 
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stantially that described. by him in his said patent in connection with 
Fig. 7 of the drawings and referred to in the fifth claim. 

Int. 21. In the operation of transmitting speech in the defend- 
ants’ apparatus, what is the importance of causing the electrical 
undulations to be similar in form to the sound waves? 

Ans. Precisely the importance which is indicated in my answer 
to Int. 8. Any departure from similarity impairs the character of 
the speech to the extent to which it occurs; and when that depart- 
ure or any extraneous disturbance reaches a certain point the sounds 
at the receiver cease to be intelligible as speech. 

Int. 22. Will you compare these instruments, when so connected 
and used, with Mr. Bell’s apparatus, to which you have referred, 
pointing out the functions and mode of operation of the several parts ? 
And if you findthat these instruments differ specifically from the Bell 
apparatus, explain the nature of the differences, and give your judg- 
ment as to their affecting the substantial Likeness of this apparatus 
to the Bell apparatus and its method of operation. 

Ans. In Mr. Bell’s patent No. 174,465, I find a transmitting 
instrument, a receiving instrument, 2 line wire connecting these and 
a battery or other source of electricity. In the apparatas described, 
the transmitter possesses a movable part, which is capable of being 
set in vibration by the agency of the voice. This movable part Is 
so arranged that it shall cause electrical variations in the current 
traversing the line wire. The recciver is so arranged that the varia- 
tions of current referred to shall communicate motion to a movahle 
part, which shall in its turn communicate motion to the air about it. 
As [have already shown at some length, the vibrations of this mova- 
ble portion, when actuated by the sound waves produced by the 
voice, correspond to these in form, and by their action upon the re- 
ceiving instrument cause it to vibrate in a similar manner, and hence 
produce corresponding vibrations in the air about the receiver. The 
function of the transmitter, it is evident, is simply to produce in the 
line wire electrical undulations similar in form to the vibrations of 
the air particles through whose agency they are produced. The 
function of the receiver is simply to translate, so to speak, the elec- 
trical undulations produced by the transmitting instrument and con- 
veyed to the receiving instrument by the line wire, into vibrations of 
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the air at the receiving instrument. Mr. Bell indicates that these 
electrical undulations may be produced either by varying the electro- 
motive force of the current or by varying the resistance of the 
circult. 

In the exhibits specified I find a transmitter and a receiver, which 
when placed in electrical connection with each other by means of a 
line wire, and provided with a battery as a source of electricity, are 
adapted to transmit, and will transmit, articulate speech from one 
station to another. 

In the defendants’ battery transmitter I find an instrument, which, 
from its construction, is adapted to produce, and when properly 
operated by the voice, will produce, electrical undulations in the 
current traversing the circuit, similar in form to the air waves by 
which these electrical variations are produced. 

In the defendants’ receiver I find an instrument which is adapted 
to produce vibrations in the air similar in form to vibrations origi- 
nally produced in the air at the transmitting station by the voice, as 
I have already explained. The defendants’ apparatus, like the appa- 
ratus of the patent to Bell, contains a transmitter, which, from its 
construction, is adapted to produce electrical undulations as described, 
and a receiver which is adapted to retranslate these electrical undu- 
lations into vibrations of the air. 

The defendants’ battery transmitter adopts one of the modes men- 
tioned by Mr. Bell as suitable for the production of electrical undu- 
lations similar in form to the air waves produced by the voice, 
namely, by varying the resistance of the circuit. The precise 
means adopted in the defendants’ transmitter for varying the resist- 
ance of the circuit is different from the particular means referred to 
by Mr. Bell, inasmuch as it utilizes the property, possessed by 
various substances, of variation in resistance with variation In 
pressure. 

In my opinion, however, the adoption of one rather than another 
particular way of varying the resistance of the circuit does not 
materially affect the substantial likeness of the apparatus of My. 
Bell and defendants, or its method of operation. | 

Int. 23. Will you state whether the fact to which you refer, that 


the resistance of substances may be varied by pressure, was one 


—— Sl” lt—“iti—sC 
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Hi known before the date of Mr. Bell’s patent, and recognized in the 
construction of electrical apparatus ; and if you can refer to any elec- 
trical works of authority,‘ where this fact is referred to, will you do 
so, and quote the references to the fact? 

Ans. It was known lone before the date of Mr. Bell’s patent 
that the resistance of a ¢ireuit is varied, without being broken, by 
variations in the intimacy of contact or amount of pressure between 
two electrodes in contact, from one to the other of which a current 
ispassing. This fact was noted and recorded’ by Du Moncel in his 
book, “Applications de VElectricité,” Vol. T. p.. 246, edition of 
1856, published at Paris inthat year. In the “ Comptes Rendus ” for 


July, 1874, a communication from the same writer described some 


experiments as to the resistance offered to the current in passing 
from one electrode to another, in the case where on? was a good 
conductor and the other a poor conductor, and showed that a mod- 
erate increase of pressure at the contacts would materiully increase 
the conductivity, and thereby the current ; and he gave his explana- 
tion for his phenomenon. 

In Du Moneel, “ Applications de l’Electricité,” ed. 1856, Vol. I. 


p. 246, I find the following : — 


“ Une chose assez curieuse, et qui parait étre au premier abord en 
contradiction avee la théorie que Von s’est faite de Télectricité, cest 
que la plus ou moins grande pression exereée entre les pieces de 
contact des interrupteurs influe considérablement sur Pinteasite du 
courant qui les traverse. Cela tient souvent & ce que les mitaux de 
Vinterrupteur ne sont pas toujours dans un état parfait de décapage 
au point de contact, mais peut-Ctre aussi 4 une cause physique encore 
mal appréciée. Co qui est certain, c’est que, duns les interrapteurs 
ot la piece mobile de contact est sollicitée par une force extréme- 
ment minime, le courante éprouve souvent des affaiblissements assez 
notables pour faire mainyuer la réaction électrique qu’on atte -d 
deux.” 


Which I translate as follows : — 


he in 


“A somewhat curious fact, which at first sight appeurs to 
contradiction to the views ordinarily received as to the action of 
electricity, is that the greater or less pressure exercised between the 
contact pieces of interrupters has an important influence upon the 
strength of the current which traverses them. This often happens, 
because the metal of the interrapter is not perfectly free from rust 
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at the point of contact, but perhaps also because of a physical cause 
as yet but little appreciated. This is certain, that with interrupters 
in which a movable contact piece is acted upon by a very slight 
pressure, the current often suffers such an enfee blement as to cause 
a failure in the electrical action which was expected.” 


The same writer describes, in the “Comptes Rendus” for July 6, 
1874, a series of experiments in which he measured the current in 
a circuit, part of which consisted of a platinum electrode and a piece 
of wood, more or less damp, kept in constant contact, but with 
varying pressure, and says, p. 41, in anarticle entitled “ Récherches 
sur les transmissions électriques 4 travers les corps ligneux,” as 
follows : — 


“Les expériences que javais a faire pour avoir une constation 
exacte des effets produits, étaient assez délicates, car une foule de 
causes étrangéres peuvent intervenir, et changer les résultats fournis. 
Ainsi le dézré de serrage des plaques métalliques de communication 
avec le bois, son isoloment plus ou moins parfait du sol et des murs 
de Vappartement, o& Von expérimente, la grandeur des surfaces 
mises en communication avec le circuit métallique, la masse du bois, 
Pétat plus ou moins humide de Vair du cabinet des expériences, le 
contact fortuit des doigts sur les fils de communication avec le gal- 
vanometre, et état Visolement de ces fils sont autant de causes qui 
peuvent modifier les résultats que Von obtient. 


“6. Que le dégré de la pression de la plaque de platine contre le 
bois a te tle oe ‘nt influé sur Vintensité du courant ainsi transmis, qu’ 
étant de 12 dégrés avec un serrage maximum elle est devenue 4 zéro 
quand la plaque était abindonée & son propre poids, et & 5 dégrés 
seulement avec un faible serrage.” 


This I translate as follows :— 


“The experiments that I have had to make in order to have an 
exact proof of the effects produced were very delicate, because a 
number of foreign elements might enter and change the results. 
Thus the amount of pressure upon the metallic plates in communica- 
tion with the wood, its more or less perfect insulation from the earth 
or the walls of the room, the size of the surfaces put in communica- 
tion with the metallic circuit, the mass of the wood, the greater or 
less humidity of the air of the experimenting room, the accidental 
contact of the fingers with the wires leading to the galvanometer, 
and the condition of the insulation of these wires, were causes which 
might modify the results that would be obtained. 


—— 
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“6. That the amount of the pressure of the platinum plate against 
the wood has so much influence on the strength of the current thus 
transmitted, that from twelve degrees, with a maximum pressure, it 
became reduced to zero when the plate was pressed only by its own 
weight, and to five degrees only with a slight pressure.” 


In Du Moncel’s “Traité de Télégraphie Electrique,” Paris, 1864, 


Part IV. p. 559, in speaking of apparatus designed to establish 


electrical contact, the author says : — 


*L’expérience montre que plus la pression des contacts est grande, 
plus est énergique Vintensité du courant qui les traverse.” 


That is, in English — 


* Experiment shows that the greater the pressure of the contact 
pieces, the stronger is the current passing through them.” 


That fact was also constantly acted upon in the practical use of 
electrical apparatus ; care was always taken that contacts should be 
firm and with considerable pressure, for otherwise the full and 
desired streneth of current was not obtained. 

Int. 24. State more particularly what you have meant by vari- 
ations in pressure, as applied to the defendants’ apparatus, and as 
applied to the experiments and statements of Du Moncel, which you 
have quoted. 

Ans. By the variations in pressure which I have mentioned, I 
mean those variations because of which the contact pieces of hard 
carbon and platinum in the transmitter are pressed more or less 
closely together. I do not refer to these variations of pressure as 
producing change throughout the whole mass of the contact pieces, 
but simply to those variations which occur at the surfaces in contact. 
These are simply variations in the force by which the contact pieces 
are pressed together; and such variations produce variations in the 
electrical resistance of the joint thus made. The greater the pres- 
sure the more intimate is the contact and the less the electrical 
resistance, and vice versa. 

Int. 25. What name has been given to that part of a battery 


telephone which is made to operate by variations in pressure between 
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contact pieces of earbon or other eonduetor, and what familiar 


such a tele phone can you me ntion 2 


instance of 
- further explain the principle ot 


In this connection, also, you ma 
its operation 
Ans. That v: 


‘< peferred to in the question is 


ariety of the spe: aking telephone transmitter which 
known as the articulating micro- 


phone, or, more eenerally, simply as the microphone. The form 
hest known in orca use is What 1s ealled the “ Blake trans- 
—Prancis Blake, and manufactured for gen- 


Bell pee Company in the fall of 1878, and 


now universally employed in the United States. 


mitter,” invented b 


eral use by the 


consists physically of two electrodes placed 
and forming part of a 


A single Leclanche 


The microphone 


. . ? ° } 
normally in contact, with a slhgnt pressure, 


7 > 2 ee? 1 ‘ naa *) ‘ 4- -\428°.7 
\' th 1 CUPTeHI from a hatter ¥ 


circuit supplied witl 
rally employed in practice, though in some of my ex- 


eell is generall 
f microphone having large contact 


periments th certain fTormis O18 
surfaces | ced as munv as four Leclane! ‘he cells or two Bunsen. 

On : é rodes of the micropnone is so arranged that when 
spoken to it will taxe uj the vibrational movement of the sound 
waves The other electrode 1s mounted so as not to be similarly 
fected by them: and the consequence ‘< that the former electrode 
mi = -te the latter. This motion of one electrode rela- 
tively to the other Is excessively minute; but it 1s sufficient to 
eg affect the current in the circuit that a magneto-recelver of the 


ordinary improved eommercial form, conforming to the principles 
indicated by Fig. 7 of Mr. Bell's first patent, will audibly repeat 


the words uttered into the transmitter. 


To aid in this operation of the transmitter, the electrode which is 


vibrated by the voice 1S preferably 


designed to be more directly 
<elf some of considerable surtace 


made of such a shape as to offer it 
to the sound waves, or else 1s mounted upon an extended surface, 
such as a metallie diaphragm or a thin board. 


There seems tobe hardly any limit to the forms which may be 


Many materials, including the ordinary 


given to the microphone. 
hut it has always been the 


metals, can be used for the electrodes 


practice to make one of them at least « 
rial gives far better results than any other hitherto used. In the 


yf carbon, because this mate- 


| 
} 
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Blake transmitter, one electrode is a hemisphere of platinum about 
54. of an inch in diameter, slightly flattened, while the other offers a 
plane surface of bard eas carbon, artificially hardened and polished. 

The back electrode, or anvil electrode, as it is sometimes called, 
is either rigidly held or is more often so mounted that it can yield 
somewhat, but not too readily, to the motions of the electrode 
directly acted on by the voice. The desired normal contact and 
pressure in the latter case are commonly obtained by the use of a 


spring or by gravity and sometimes in other ways. 


A speaking telephone on this principle was deseribed in papers 
filed in the Patent Office by Mr. Berliner, and by Mr. Edison, in 1887. 
In 1878, Prof. Hughes reinvented it, approaching the problem from 
a somewhat different direction, viz., from vibrations mechanically 
excited by seratching with a pencil, or by the tramp of a fly, and 
passing thence to those excited by sonorous waves in the air. He 
first published a description of his instrument in a paper read before 
the Royal Society, London, May 9, 1878. Notices of it are to be 
found in the Scientific American Supplement, June &, 1878, and 
elsewhere. 

The action of the microphone in transmitting articulate speech is 
as follows: The sound waves produced by the voice impress their 
vibrations directly upon the front or “hammer” electrode, and by 
virtue of the inertia of the back or “anvil” electrode, as xlready ex- 
plained, the vibrations of the first electrode cause corresponding 
variations in pressure between it and the second electrode. These 
variations of pressure, by varying the electrical resistance of the 
microphone contact, create electrical undulations in the current 
similar in form to the sound waves producing them: and when 
these electrical undulations pass through the coils of the electro- 
magnet of the receiving telephone they cause corresponding varia- 
tions in the magnetic state of. the core, and thus set the diaphragm 
into vibrations corresponding to such magnetic changes. By these 
vibrations of the diaphragm «air waves are finally produced at the 
receiving station similar in form to those originally produced by the 
voice of the speaker at the transmitting station. 

Int. 26. Did you testify as an expert in the case of the Ameri- 
can Bell Telephone Con 


eA rs 
ivg, ete 
ee 


pany ef al. v. Albert Spencer ef a/., in the 


lifes 
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United States Circuit Court within the District of Massachusetts, 
wherein a decision has been rendered for the complainants ; and 
were you familiar with the telephonic apparatus therein complained 
of, and held by the Court to infringe upon the Bell patents afore- 
said ; if so, what was the character of the transmitting Instrument to 
which the decision in that case apphed? 

Ans. I did testify as an expert for the complainants in_ the 
Spencer case referred to, and became familiar with the telephonic 
apparatus complained of therein. The transmitter of that apparatus 
was an articulating microphone, which operated in the manner and 
according to the method I have deseribed in my last preceding 
answer. 

Int. 27. Did you testify as an expert in the case of the American 
sell Telephone Company v. Amos EK. Dolbear ef al., in the United 
States Cireuit Court within the District of Massachusetts, wherein 
a decision has also been rendered for the complainants ; and were 
you familiar with the telephonic apparatus therein complained of, 
and held by the Court to infringe upon the Bell patent No. 174,465 ; 
if so, what was the character of the transmitting Instrument belong- 
ing to the apparatus to which the decision in that case applied ? 

Ans. I testified in the case referred to, and became familiar with 
the apparatus in that case. The transmitter was an articulating mi- 
crophone, and it operated in the manner which I have already de- 
scribed. 

Int. 28. Did you testify as an expert in the ease of American 
Bei] Telephone Company ef al. vw. the People’s Pelephone Company 
et al., in the United States Cireuit Court, within the Southern 
District of New York, and in the case of same complainants against 
the Molecular Telephone Company e/ @/, in the same Court, wherein 
decisions have also been rendered for the complainants, and were 
you familiar with the telephonic apparatus therein complained ot. 
and held by the Court to infringe upon the aforesaid patents to 
Bell? It so, what was the character of the transmitting instrument 
to which thie decisions i) those Cisecs applied ¢ 

festited as an expert in the cases referred) to, aad was 


lnstru- 
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ments were articulating microphones, and operated in the manner 
which I have deseribed. 

Int. 29. You have said that the defendants’ transmitter produces 
electrical undulations hy utilizing the property of variation in elec- 
trical resistance with variation in pressure, possessed by various sub- 


stances. Please compare the construction and mode of operation 


, 
| operation of the articulating microphone which you have explained, 


and point out their substantial likenesses and differences. 

° Ans. The specific mechanical details of the Exbibit Defendants’ 
Transmitter in this case are somewhat different from those of the 
microphone transmitters described and those complained of in some 

of the other cases, but those differences in no way affect the funda 
mental likeness which exists between them all in respect to their 
essential mode of operation as electric speaking telephones. Kach 

« and all of them contain a diaphragm supported at the edges and 
eapable of being vibrated by the sonorous vibrations in the air ex- 


material, called an electrode, Is fastened rigidly to that diaphragm, 


or so connected with it that it partakes of its motion. The other 


electrode, which I call an anvil electrode, is so arranged that it can 
be moved by the vibratory motions of the diaphragm, but takes its 
motion entirely from the pressure against it of the first-mentioned 
electrode which is fastened to the diaphragm; and in all cases it is 
the effort of the vibrating diaphragm to move the second, or anvil 
electrode, which produces the variations in the contact pressure be- 
4 tween them, giving rise to corresponding variations in the electrical 
resistance at the place of contact, and thus producing in the current 
passing through that contact, electrical wadulations similar in form 
to the air vibrations which impress their motion upon the diaphragm. 
In nll the enses, one or both of ese electrodes are of earbon. a 


? 


substance which is found peculiarly advantageous for the Purpose 
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ot Produce, by means of varintions of contact pressure, COPTC- 
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of the defendants’ transmitter with the construction and mode cf 


cited by uttering any word against the transmitter. One piece of 
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apparatus of Spencer, of Dolbear, of the Drawbaugh Company and 
of the Molecular Company. The microphone of the defendants’ 
transmitter in this case is essentially the same, even in its details, 
as the microphone of the Molecular Company passed upon by Judge 
Wallace in the suit by the American Bell Telephone Company 
against the Molecular Company during the present year. It con- 
sists of a series of rods of carbon, the two ends of which are sup- 
ported in sockets in blocks of carbon, which in turn are mounted 
upon the under surface of a nearly horizontal or slightly inclined 
diaphragm of wood, or, in the case of the Molecular Company, of 
cork. The blocks fastened to the diaphragm move with it; the rods 
of carbon resting on the blocks take their motions from them, and 
this varies the pressure at the point of contact in the way and to the 
effect already described. The Molecular transmitter and the trans- 
mitter of the defendants in this case are both essentially, and almost 
in details of form, the Hughes microphone as described in papers by 
Hughes and by Preece in 1878. They differ from those shown in 
the drawings of those publications chiefly in the fact that instead of 
using one red and one or two contacts, as shown in the sketches of 
Prof. Hughes’s instrument, they use a number of rods, each, how- 
ever, mounted in substantially the same way as those made by 
Hughes. This, however, was a variation pointed out by Hughes 
himself in the articles in question. There he says that he finds it 
desirable to employ a number of contacts, and says that in various 
experiments he has used four contacts, six contacts, eight contacts, 
and ten contacts, and that the number of surfaces may be varied in 
accordance with the range and power of the vibrations. 

The connections are so made in the defendants’ transmitter that 
the current passes through a considerable number of these contacts 
at once, and thus, although it would be, in my judgment, an injury 
that any one of those contact pieces should break contact and inter- 
rupt such part of the current as passes through it, the Injury would 
be less in their form of instrument than would follow if the whole 
current passed through one contact and should there be entirely 
interrupted. 

Int. 30. Please compare Exhibit Defendants’ Receiver with the 
receiving member L of the apparatus specifically described in the 


ee * , 
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patent to Bell, No. 174,465, and shown in Fig. 7 of the drawings 
thereof ; and state what differences in construction you find, and how 
such differences affect, if at all, the substantial likeness of the two 
instruments in respect to their function and mode of operation, and 
the work they do in the transmission of sounds. 

Ans. The Exhibit Defendants’ Receiver is what is known as a 
magneto-telephone, and is merely a modification of the specific form 
of receiver shown in Fig. 7 of the patent of Bell, No. 174,465. 
The membrane diaphragm of the first Bell patent is replaced in the 
defendants’ instrument by a diaphragm of zine, or some similar 
metal. The discovery that a metal diaphragm, stiffenough to main- 
tain itself without artificial straining, could be used in the speaking 
telephone, was announced in Mr. Bell’s second patent, and I believe 
it to be his invention. Like the instrument Fig. 7 of the first Bell 
patent, the defendants’ receiver has a soft iron armature attached to 
it. ‘The support of this armature is not materially different from 
that in the first Bell patent. In the first Bell patent it is supported 
by the combined action of a hinged joint near the rim of the dia- 
phragm and the elasticity and strength of the diaphragm itself. In 
the defendants’ receiver it is supported by the elasticity and strength 
of a sheet of metal which is clamped at the edge of the frame which 
supports the rim of the diaphragm. At first sight, one would think 
that the freedom of action in the defendants’ transmitter was even 
less than that possessed hy the instrument of the first Bell patent ; 
but in fact, as shown by Mr. Bell’s second patent, the metal diaphragm 
itself is so elastic that for the purposes of the speaking telephone it 
gives all the required freedom. 

Their receiver contains an electro-magnet placed in front of a dia- 
phragm and attached armature, while the coils of that electro-mag- 
net are connected with a line wire leading to the transmitting station. 
This is true both of the instrument Fig. 7 of the patent, and of the 
defendants’ instrument. It is the action of these on each other which 
makes the instrument operate. 

In the instrument of the patent a battery is employed to magnetize 
the cores of the electro-magnet inside the coils. In the defendants’ 
instrument the magnetism of those cores is obtained by permanently 


magnetizing the steel bar of which they are made. That is an im- 
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bo 


provement in detail described and introduced by Mr. Bell’s second 
patent, but it does not change the nature of the apparatus as a whole, 
nor the nature of the operation performed by the receiver, nor the 
nature of the operation performed by the magnet itself as a subordi- 
nate part of the receiver. In each of them electrical undulations, 
similar in form to the sonorous vibrations, and caused by the action 
of the voice on the transmitter, passing over the line wire and through 
the coils of the receiving instrument, vary the attractive force of its 
electro-magnet, and thus influence the diaphragm armature of the 
receiver to copy the motion of the diaphragm of the transmitter. 
A similar sound to that uttered into the transmitter is then heard to 
proceed from the receiver. 

Int. 31. Will you state more particularly the manner in which 
the defendants’ transmitter and receiver are connected up in use, 
and the way in which the parts operate in the transmission of speech ; 
and stute in that answer the function of the induction coil contained 
in the same box with the transmitter ? 

Ans. The nature of the operation of defendants’ transmitter and 
receiver when in use may be more clearly understood by a considera- 
tion of the following diagram, which shows the ordinary manner of 


connecting up such an apparatus. 
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I will describe what takes place when such an apparatus so con- 
nected up is spoken to. Suppose the variable contact transmitter 
T, or microphone transmitter, to be connected in a local cireuit 
called the primary circuit, which includes the battery B and the pri- 
mary helix of the induction coil IC. When the diaphragm of the 
said transmitter is spoken to, it takes up from the air vibratory 
motions of the same character as those performed by the air waves 
due to the speaker’s voice. While performing this vibration the 


earbon blocks which are rigidly connected to the diaphragm press 


more or less strongly against the ends of the carbon cylinders carried 
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by these blocks, and tend to impart their own motion to the cylin- 


ders; but owing to the inertia of the carbon cylinders, there are 


developed at the points of contact of the cylinders and blocks, vary 


ing pressures corresponding to these vibratory motions of the dia- 


yhraom, and, as the electrical resistance of the cireuit which passes 
2 y] 


through those points of contact varies with the pressure, it follows 


that the currents in the primury circuit are varied in accordance 


ve with the motions of the diaphragm, and thus these currents them- 
} selves are thrown into undulations which are similar in form to the 
- 
f sound waves produced by the speaker's voice and falling upon the 


diaphragm. The apparatus is so arranged, moreover, upon princi- 
ples which are well known among constructors of telephones, and 
\: have long been in practical use, that the sound waves due to the 
ordinary toues of the voice, as they fall upon the diaphragm of the 
instrument, will not throw it into vibrations violent enough to cause 
the electrodes to part contact and interrupt the electrical current. 
The particular modifications adopted by the defendants are for the 
purpose, among other things, of preventing breaks. As these elec- 
trical undulations pass through the primary helix of the induction 
coil, they produce in the secondary helix and connected wires elec- 
trical undulations similar in form to those in the primary circuit ; 
and these, passing through the coils of the two receivers, R at the 
: speaking station and Rh’ at the receiving station, throw the diaphragm 
y) of each into vibration in the manner already deseribed. The sounds 
in Rat the speaking station are generally not listened to, but the 
listener at R’ at the listening station, — station 2,— placing his ear 
to the receiver, becomes sensible of sonorous vibrations of sounds 
which are the same In character, and recognizably the same in artic- 
ulation, as those uttered into the transmitter. Now this operation 
{. which I have described is precisely the operation which I have 

already stated is performed by the apparatus shown in Fig. 7 of Mr. 


Bell’s first patent; and the method by which the air waves at the 


speaking end produce like air waves at the receiving end consists in 


‘USING and utilizing electrical undulations similar in form to the 


sound waves. 


In the case of the defendants’ apparatus, it is because of the 


similarity between the electrical undulations and the sound waves 


114 EVIDENCE F:-R COMP! AINAN'S. 


that the sound is so perfectly transmitted, and that speech is recog- 
nized and understood. So faras there is any difference between 
the form of the sound waves and the form of the electrical undula- 
tions, the speech loses its perfection ; but, in the ordinary operation 
of that instrument, the similarity is amply sufficient for all practical 
and useful purposes. 

It is customary, in the practical use of microphone transmitters, 
to employ an electrical apparatus known as an induction coil, in 
order to overcome more effectively the resistance of the circutt. An 
induction coil, as so used, consists of two entirely separate coils of 
wire, having a common axial core of soft iron. One of these coils 
is wound upon the outside of the other. The inner coil is composed 
of a small number of turns of rather coarse wire, and is called the 
primary coil. The outer coil is composed of a large number of turns 
of fine wire, and is called the secondary coll. The operation of the 
induction coil is such that, whenever a current of electricity of 
varying strength is caused to pass through the primary coil, if the 
ends of the secondary coil are connected with each other (either 
directly or indirectly, by means of a circuit which* may contain a 
receiving telephone), a current possessing similar variations will 
flow through the secondary circuit. But in accordance with well- 
known electrical principles, the current thus generated in the sec- 
ondary coil will have a far greater power of overcoming resistance 
than is possessed by the original current in the primary coil. The 
induction coil thus acts as a sort of electrical lever. In the use of 
tne induction coil with a microphone transmitter, the transmitter 
with the battery is placed in circuit with the primary coil of the in- 
duction coil. The secondary coil is placed in circuit with the line 
wire and the receiving instrument. Such an induction coil is uni- 
versally used in the Blake transmitter when employed for commer- 
cial purposes, and was present in the transmitter of the defendants 
in the Spencer case and in the Dolbear case, and in the case against 
The People’s Telephone Company. I find snch an induction coil in 
the Exhibit Defendants’ Transmitter. 

Int. 32. You have in the last preceding answer mentioned the 
function of the battery shown in Fig. 7.of the patent to Bell, No. 
174,405, in respect to the magnetization of the electro-magnet ; 


rs , 


it 


¥ 
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will you explain the operation and effect of the transmitting mem- 
h ~ ber A of the telephone instrument shown in that Fig. 7, upon the 
battery current, when such transmitting member is actuated by the 

vibrations of the air accompanying vocal or other sounds? 
\ Ans. Ihave already explained the manner in which currents of 
| | electricity are produced in a circuit, when an armature like that at 
‘22 c, Fig. 7, vibrates to and fro in front of the pole of an electro- 
: magnet. The motion of the armature is capable of producing a 
| current, solely in virtue of the electro-motive force which its motion 
sets up in the circuit. The magnitude of this electro-motive force 
depends upon the velocity with which the armature is moving at 
the moment under consideration, and the direction in which this 
\ : electro-motive force acts is determined by the direction of motion 
of the armature, being reversed when the armature changes the 
. direction of its motion. Therefore if there is a battery in the cir- 
cuit, the total current in the circuit at any given instant will be that 


due to the algebraic sum of the electro-motive force of the battery, 


which we may assume to be constant, and the electro-motive force 
produced in the circuit at the instant considered, by the motion of 


the armature, which last electro-motive force, as I have said, is 


dependent upon the velocity of the armature at the instant consid- 


ered. When the electro-motive foree due to the motion of the 


oe 


armature coincides in direction with the electro-motive foree due to 


* the battery, this last electro-motive force is evidently strengthened 
' by the addition ; and hence the total current flowing in the circuit 

‘ Is correspondingly increased ; that is, the battery current is strength- 
} ened by an amount equal to that of the current which the vibrating 
| armature alone would produce in the circuit if the battery were 
v removed and the cores of the electro-magnet magnetized in some 
‘ other manner. If the electro-motive force due to the motion of the 
P armature is opposite in direction to that due to the battery, the cur- 
\ rent will be weakened. Hence, as the armature moves to and fro, 
‘ every change in the direction or velocity of its motion will produce 


a corresponding change in the strength of the current flowing in the 
circuit. 
Int. 33. Will you refer to the second Bell patent, No. 186,787, 


which bas been produced in evidence, and describe briefly so much 
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of the apparatus therein described as is referred to in the third, fifth, 
sixth, seventh and eighth claims, pointing out the functions or re- 
sults which are attributed to the parts of the apparatus referred to 
in those claims ? 

Ans. Claim 3 is as follows : — 

*3. The combination with an electro-magnoet, of a plate of iron 
or steel, or other material capable of inductive action, waich can b> 
thrown into vibration by the movement of surrounding air or by the d 
attraction of a magnet.” 


By this, I understand an electro-magnet conbinel with a plate of 
iron, steel or other material capable of inductive action. { 
To satisfy the conditions of this claim, the plate must be of such V 
material, size, thickness and elasticity, and must be so mounted and | 


arranged with reference to the magnet, that on the one hand the 


delicate air vibrations characterizing articulate speech may be able to 
impart their vibration to it without substantial alteration in charac- 
ter; while on the other hand, it is capable of being set into vibra- j 


‘ion through the action upon it of the minute changes imparted to 


the magnet by the variations in the current passing through the coil 


surrounding it, when those variations are of the delicate character ¥ 
which are employed in the transmission of speech in the speaking 
'd 


telephone. 
Claim 5 is as follows :— 
“5. The formation, in an electric telephone such as herein shown 


and described, of a magnet with a coil upon the end or ends of the 
magnet nearest the plate.” 


This claim relates to the special form of magnet suited for use in 


an electric telephone, the coil being placed about the end or ends of 
the magnet nearest the plate. The object of thus placing the coil is 
to render the magnet quicker in its working; that is, more ready to 
respond with the requisite rapidity to the variations in the streneth 
of the current passing through the coil. A magnet with the coil 
thus placed responds more quickly by changes in its strength to 
slight changes in the streneth of the current, and hence it is better 


adapted for use in the speaking telephone than a magnet in which 
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the coil surrounds the whole length of the magnet, and which con- 


e° sequently acts more slowly. 


Claim 6 is as follows : — 


“6. The combination, with an electric telephone such as described, 
of a sounding-box, substantially as herein shown and set forth.” 


In this claim is mentioned the sounding box, which is combine 


with the telephone. This sounding box has an important influence 
i ' in screening the plate of the instrument from the effect of extraneous 
sounds. The thin air space in front of the plate also exercises an 
important influence. 


Claim 7 is as follows : — 


' “7. In combination with an electric telephone,, as herein de- 
‘4 scribed, the emp'oymeat of a speaking or hearing tube for conveying 


sounds to or from the telephone, substantially as set forth.” 


3 ‘The speaking or hearing tube mentioned in this claim serves to 
concentrate the sounds produced by the voice upon the diaphragm 


when used as a transmitter, or to convey to the ear the sounds 


j , ; 
produced by the diaphragm when used as a receiver. 
Claim 8 is as follows : — 
¥ “8. Inasystem of electric telephony, the combination of a per- 
manent magnet with a plate of iron or steel, or other material capa- 
; ble of inductive action, with coils upon the end or ends of. said 


magnet nearest the plate, substantially as set forth.” 


In this claim I find mentioned the combination of a permanent 
magnet with coils upon its end or ends, as deseribed, with a plate 


of iron, or other material capable of inductive action. The use of 


the plate of iron, in connection with the magnet, as described, in a 


system of electric telephony, furnishes a most excellent method of 


causing the electrical and magnetic variations of the «pparatus to 


produce corresponding vibrations in the air. 


Int. 34. Referring to the defendants’ instruments which have 


been introduced in evidence, will you compare them with the appa- 


ratus described in the patent last referred to, and state how far, if 


at all, you find them to embrace the features or combinations de- 


scribed in that patent, and referred to in the claims above specified ? 
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Ans. Among the most important improvements introduced by x 
Mr. Bell’s second patent is the substitution of a diaphragm of elas- .. 
tic metal, not artificially strained, in place of the stretched mem- 
brane. Such a-‘metal diaphragm is a great improvement over the 
membrane. Its vibrations are more true and it is less affected by the 
ordinary accidents and exposure to which the instrument for com- BS 
mercial use is liable. Its tension always remains substantially the “ 
same. It needs no special care to keep it dry. To make this ; 
improvement in the telephone involved the discovery that a plate of a 
metal, thick enough to sustain itself without artificial straining, ; 


could be made to truly and effectively vibrate under the very deli- 
cate forces which are available either at the transmitting member or 
at the receiving member of the speaking telephone; that 1s, the 
air vibrations due to the voice or the magnetic variations which 
arise in the transmission of speech. The state of knowledge at the 
time when Mr. Bell took this patent, except for what Mr. Bell him- 
self had during the preceding summer made known, was such that 
one could not have asserted that the substitution could be made. 

The claims of Mr. Bell’s second patent which refer to this feature 
— 1 mean the third and eighth claims — refer in terms to a diaphragm 
of iron or steel or other inductive metal. The defendants use a 
compound structure consisting of a plate of zine, which is not 
ranked as inductive metal, to the central portion of which they 
attach a soft-iron armature, which is inductive. That structure as a 
whole is so essentially the same as the plate of Mr. Bell’s patent 
that it needed no invention to construct and use it in the telephone 


after one was possessed of the knowledge conveyed by Mr. Bell’s 


first and second patents. The use of this composite structure of 
the defendants substantially obtains the advantages which are ob- 
tained by substituting the metal plate of Mr. Bell’s second pztent 
for the membrane and attached armature of the first patent ; and the 
possibility of using this composite structure of the defendants’ 
instrument depends upon the knowledge of the discovery promul- 
gated by Mr. Bell,.that a metal plate capable of sustaining itself 
without artificial straining could be effectively operated by the fee- 
ble forees which act upon it in the speaking telephone. I am very 


certain, therefore, that the defendants’ receiver, in respect to the 
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character of the structure of its diaphragm, embodies and avails 
itself of the invention and improvement in that respect set forth in 
Mr. Bell’s second patent. Whether the language employed in the 
patent does or does not make Mr. Bell’s claim essentially narrower 
than his invention, is, I suppose, a question of law upon which I need 
not express an opinion. 

Another important invention disclosed in Mr. Bell’s second 
patent consists of the substitution of a bar of steel, permanently 
magnetized, for the soft iron ele¢tro-magnet magnetized by a battery 
current, shown in Fig. 7 of the first patent. The advantage is 
chiefly in economy and convenience, but it is one which, according 
to the statements made as to the extent of the use of telephones in 
this country, saves the use of probably one hundred and fifty thou- 
sand batteries. The defendants’ receiver uses this improvement ; 
and to use it in the way they do needed no information beyond that 
disclosed by the second patent. Whether here, again, Mr. Bell has 
so drawn his patent as to make his claims essentially narrower than 
his invention, is a question upon which I am not called to express an 
opinion. 

Another important improvement disclosed by Mr. Bell’s second 
patent consisted in the form of the air spaces and casings, which he 
has substituted for the two cones in Fig. 7 of the first patent. In 
the instrument of the second patent, No. 186,787, the principal part 
of the case encloses the rear of the diaphragm and the magnet and 
connected parts, and thus protects them and the ear of the listener 
exposed to that diaphragm from extraneous sounds falling on the 
back side of the diaphragm. This is an improvement of consider- 
able practical importance. I have made a number of experiments 
which demonstrated the importance of it. It is a feature which is 
universally used in all commercial instruments. The instrument of 
the second patent also has its casings so constructed as to provide in 
front of the diaphragm a thin cireular air space, with a circular 
opening at its centre to enable sonorous air vibrations to pass from 
the diaphragm to the ear of the listener, or to the diaphragm from 
the mouth of the speaker. This form of air space is a marked 
improvement over the form of the first patent, and has been uni- 


versally used in all, or nearly all, telephones since. These features 
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are particularly referred to in the sixth and seventh claims of Mr. 
Bell’s patent No. 186,787, and are found in the defendants’ instru- 
ments. The instrument of the patent is shown as a box adapted to 
rest upon the table, and with such an instrument a tube of some 
length is a convenience. Whenthe apparatus has taken the ordinary 
commercial form of the hand instrument readily applied to the ear, 
that tube becomes useless as a long tube; but the essential feature 
of the communication between the diaphragm and the operator, to 
wit, a thin air space of substantially the size of the diaphragm, 
with a small circular opening at its centre, is the most important 
part of the arrangement, and that is preserved in the defendants’ 
instrument. The form of the rear casing and sound box and air 
space of the defendants’ instrument, as I have described it, is the 
same as that of the various receivers used by the defendants in the 
different suits referred to in this deposition, which have been 
adjudged by the Courts. 

I have spoken of the defendants’ magneto instrument chiefly as if 
it were simply a receiver; but it is also capable of use as a_trans- 
mitter. When the connections are made as I have shown in a pre- 
vious answer, and as they are ordinarily made in a speaking 
telephone apparatus, there is one of these magneto instruments at 
each end of the line, and an operator there who desires to use it if 
his microphone be out of order, or for any other reason, has only to 
speak into it and the listener at the other end listening at his mag- 
neto instrument in the ordinary way will be so connected with him 
that conversation can be carried on. When the defendants furnish 
to any one the apparatus arranged and connected in the usual way, 
as I have described, they furnish him besides the microphone appa- 
ratus an apparatus consisting of a magneto transmitter and a mag- 
neto receiver, equipped and ready for use if he chooses to use them. 

Int. 35. I find in the second Bell patent a statement that the 
same instrument is used both as transmitter and receiver, and I 
understand that the electrical and magnetic portions of the apparatus 
described in Bell’s first patent are the same both in the transmitter 
and receiver, the instruments differing merely in the forms of the 
cones, one of which is especially adapted to enclose the mouth, while 


the other is shaped so as to enter or be applied to the ear; will 


~ 
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you state whether the magneto telephone Exhibit Defendants’ Re- 


% ceiver is, when properly connected in line with another instrument 
of the same kind, capable of being used as a transmitter as well as 

e a receiver ? 
” ; Ans. It is capable of being used both as transmitter and receiver 


under the circumstances mentioned. 
a Int. 36. Will you describe the character of the circuits and con- 


f nections indicated by the structure of the defendants’ two instru- 
hy é : ; : . 
ments, and usual with a speaking telephone apparatus which includes 
~ a battery transmitter, and then state whether the magneto instru- 
ies ments, as arranged at the two ends of the line, will be so connected 
y in circuit with each other that, without any “change, speech uttered 
, into one will be heard at the other? : 
Ans. I make the following drawing to illustrate my meaning : — 
: STATION I. LINE STATION 2. 
' prmenmaaias T’ 
_| T [ pw hae 
[ | = | / | | 
“I 
| 
B ‘ 


In the figure, I C and I’ C’ are two induction coils; B and B’ are 
voltaic batteries, and T and T’ transmitters in the primary circuits 
of the coils. Rand R’ are magneto telephones placed in a line con- 
nected with one terminal of the secondary wire of each induction 
coil. G and G/ are earth plates, with connecting wires running to 
the other terminals of the secondary wires of the induction coils. 
G and G/’ are buried in the earth, so that the secondary circuit is 


completed through the earth, and includes the secondary helices of 


the two induction coils, and the two magneto telephones R and R’. 
Speech actuating either T or T’ is reproduced in the receivers R and 
¢’. Also, if either R or R/ be spoken into and used as a transmitter, 
since R and IY are joined in complete circuit by means of the line 


wire, the secondary wires of the coils, and the earth, speech will 


be reproduced in the other receiver, as when the apparatus shown in 


Fig. 7 of the first Bell patent, or Figs. 4 and 6 of the second Bell 


patent, is used. 


This is the ordinary arrangement, and, as indicated by the con- 


— 
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struction of the defendants’ transmitter, is the arrangement intended 


to be used by them. Indeed, it is not uncommon on ordinary tele- 


phone lines, as thus arranged, to use one of the magneto instruments ’ 
as a transmitter, when for any cause the microphone transmitter, the Po 
battery, or any portion of the primary circuit is out of order. 

Int. 37. I understand from your previous testimony, that in a m NG 
speaking telephone apparatus consisting of transmitters, receivers, J | 
batteries and other adjuncts, as shown in the above diagram, the . 
articulate speech uttered into any transmitter 1s heard at the receiver  ® 
as the same articulate speech in consequence of the electrical undu- 
lations similar in form to the sound waves, and that those electrical ae 
undulations are caused*by the utterances of the speaker, which said i 
sound waves are due to or accompany. I wish you would now state, P 


by reference to said diagram, in what part of the whole apparatus, 
including in that phrase the various circuits, those electrical undula- 
tions exist, and in what part they must exist and be operative, in 
order that speech may be transmitted so as to be intelligible to the 
listener. 

Ans. Ifa person speaks into one of the transmitters, as, for ex- 
ample, T at station 1, the current produced in the primary cireuit by 
the battery bis thrown into the deseribed electrical undulations by 
the action of the voice upon the transmitter. These undulations 
oecur throughout the whole primary circuit of the induction coil IC. 
Similar electrical undulations are produced in the secondary of 
IC, and in the whole circuit of which it forms a part, including the 
magneto-telephones R and Rh’, and the secondary wire of the induction 


coil ’C’.. Similar undulations are also produced in the primary of 


the induction coil I’ C’; but in this circuit they have no importance. 
These electrical undulations are produced in the primary circuit by 
the action of the voice upon the transmitter. It follows, from the 


relation of the primary and secondary helices of the induction coil, 


that undulations similar in form are produced in the secondary wire, 


the line, and the receiving instruments placed in the cireuit. It is 


because of the presence of these electrical undulations in the see- 


ondary circuit, and of their similarity to the undulations produced 


by the voice in the primary circuit, that words spoken into the 


transmitter are reproduced by the receiver. 
J 


Rees 
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Int. 38. That the Court may more clearly understa nd the nature 


of the novelty introduced by Mr. Bell, will you please .read from 
Reis’s advertising circular of Aug. 9, 1863, the description he there 
a vives of the operation of his instrument :— 


Ans. I find in Reis’s circular the following statements :— 


| REIS'S DESCRIPTIVE CIRCULAR. 


a tn ai a 7 b 


"The apparatus consists of two parts, as may ~ seen in the wood- 
euts above, the telephone proper - and the reproducing appa- 
ratus C. These two parts are to be paced at such a distance from 
ach other that sineine or the he of a musical instrument 
ean be heard in no other manner. except through the apparatus from 
one station to another. 


“Tf now sufhiciently strong tones are produced before the mouth- 
pieces, their vibratic ns will put in motion the membrane and the 
angular little hammer {winken*rmige Hiémmerchen], which lies on 
it; for every full vibr: ution the eiveuit Is ones » opened and again 
closed feinmal gedtnet und wieder geschlossen], and thereby are 


} produced at station C in the eore of the coil. just the same number 
of vibrations [febensoviele Schwingungen hervor-gebracht ] whic h are 


there pevceived as tones or as combinations of tones | accords | 


Int. 39. Will an instrument so operating transmit articulate 


speech ? 


Ans. 


It will not. 
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Int. 40. Prof. Hughes wrote two articles in 1878 concerning an 
apparntus which he produced and called a microphone; the second 
one of those was read before the Physical Society, at London, June 
8, 1878, and is entitled “On the Physical Action of the Microphone.” 


In it I find the following : — 


"The problem which the microphone solves is this: To introduce 
into an electrical cireuit an electrical resistance, which resistance 
shall vary in exact accord with sonorous vibrations so as to produce 
an undulatory current of electricity from a constant source, whose 
wave-leneth, height and form shall be an exact representation of the 
sonorous waves. In the microphone we have an electric conductin 
material susceptible of being influenced by sonorous vibrations, and 
thus we have the first step of the problem. 

“The second step is one of tle highest importance. It is essential 
that the electrical current flowing be thrown into waves of determi- 
nate form, by the sole action of the sonorous vibrations. I resolved 
this by the discovery that when an electric conducting matter in a 
divided state, either in the form of powder, filings, or surfaces, Is 
put under a certain slight pressure, far less than that which would 
produce cohesion, and more than would allow it to be separated by 
sonorous vibrations, the following state of things occurs. The mol- 
ecules at these surfaces being in a comparativeiy free state, although 
electrically joined, do of themselves so arrange their form, their 


number m contact. or their pressure (by increased size or orbit of 


revolution), that the inerease and decrease of electrical resistance of 
the circuit is altered in a very remarkable manner, so much so as to 
lost tabulous. 

The | roblem being solv dd. if IS only necessary tO observe eertain 
renera considerations tO produce cin) endless variety of microphones, 
meh nk he ‘I special rahnee ot resistance. 

“paw tia of e fy or fhe ery of an insect requires litthe range, but 
Great si usitiveness ; amd fwe surtace-, there’ore, of chosen meateriais 
under a very slight pressure, suca as the mere weight or a small 
superposed conducter, suffice: but if would be unsuitable for a 
man’s voice, as the vibrations would be too powerful, and would, in 
fact, go so far beyond the legitimate rsaye, that interruptions of con- 
tact amounting to the well-known ‘make and break’ would be pro- 
duced. 

“aA man’s voice requires four surfaces of pine chareoal, as is de- 


ae : / > € , ; . : a ’ " “i rye 
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its structure and quality, when converted into the peculiar charcoal 
I have discovered and described. 

“Tt is not only necessary to vary the number of surfaces and ma- 
terials, in accordance with the range and power of the vibrations, 
but these surfaces and materials must be put under more or less 
pressure, in accordance with the rorce of the sonorous vibrations. 
Thus for a man’s voice, the surfaces must be under a far greater 
pressure than for the movements of Insects. Still, the range of use- 
ful effect is very great, as the boxes which I have specially arranged 
for a man’s voice are still sensitive to the tick of a watch. 

‘In all cases it should be so arranged that a perfect undulatory 
current is obtained from the sonorous vibrations of a certain range. 
Thus, when speaking to a microphone transmitter of human speech, 
a galvanometer snould be placed in the circuit, and while speaking, 
the needle should not be deflected as the waves of + and — electri- 
city are equal, and are too rapid to disturb the needle, which can 
only indicate a general weakening -or strengthening of the current. 
If the pressure on the materials is not sufficient, we shall have a con- 
stant succession of interruptions of contact, and the galvanometer 
needle will indicate the fact. If the pressure on the materials is 
oradually increased, the tevaes will be loud but wanting in distinet- 
ness, the galvanometer indicating interruptions ; as the pressure Is 
still increased, the tone becomes clearer, and the galvanometer will 
he stationary when a maximum of loudness and clearness is attained. 
If the pressure be further increased, the sounds become weaker, 
though very clear; and as the pressure is still further augmented, 
the sounds die out (as ifthe speaker were talking and walking away 
at the same time), until a point is arrived at where there is complete 
silence. 

“When the microphone is fixed to a resonant board, the lower con- 
tact should be fixed to the board so that the sonorous vibrations act 
directly on it. The upper contact where the pressure is applied 
should be as free as possth le from the influence of the vibr: ations, 
except those directly transmitted to it by the surfaces underneath ; 
— upper surface) should have its inertia supplemented by that if 


helenee weroht. This inertia I tind necessar y, to keen the con- 
beoid unbroken by powtertul vibrittions. No spring eon ~upply the 
require Pal Thera : Inuit ith adiuist: ible spring TTT he used to insure flat 


atively } rey : ’ 
the comparativety Heavy tever shall duly press on the contacts.” 


I will ask you whetber there ts, with our knowledge of to-day, 


any practical ditheuity in constructing apparatus which, when spoken 
to with an ordinary tone of voice, will perform the operation there 
reason thereof, will cause 


_ : , , 
. pare Suche < v, ; y 4 . 4 
deserpbed, auc. my articulate speech i 


| } ddand understoad hy one listening : } 
po heard ana uncderstCoGd by one listening ata connected telephone 
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receiver of the kind in commercial use to-day and at the time when 
that article was written ? 

Ans. There Is not. 

Int. 41. In that article Prof. Hughes mentions carbon as a de- 


sirable material for the electrode, and referring to the mechanical 


tructure of the instrument, says :— 


“When the microphone ts tixed to a resonant board, the lower con- 
tact should be fixed to the board so that the sonorous vibrations act 
directly on it. The upper contact, where the pressure is applied, 
should be as free as possible from the influence of the vibrations, 
except those directly transmitted to it by the surfaces underneath ; 
it (the upper surface) should have its inertia supplemented by that 
of a balance weight. This inertia I find necessary, to keep the con- 
tact unbroken by powerful vibrations. No spring can supply the 
required inertia; but an adjustable spring may be used to insure 
that the comparatively heavy lever shall duly press on the contacts.” 


Will you state whether those physical features of the instrument 
are or are not adapted to make it perform the described operation 
with the deseribed result ? 

Ans. They are adapted to do this. 

Int. 42. Do you find physical features of that deseribed charac- 
ter in the transmitter of the defendants’ apparatus ? 

Ans. Ido. 

| Complameants pul 272 evrde VICE said fro articles, marked “Llughes, 
May 9,°78, Microphone Article,” and “ Hughes, June 8, °78, Micro- 
phone Article.” Also a publication marked “Kehihit Preece Lecture 
of Muay Pd L873, published 2, LISTS.” tn Journal of Soci fy of Tele- 
graph Bngimeers, Vol. Ja i j)- 270, and an article “ Thomson and 


Houston Microphone keelay,” published in the Lelegraphic Journal 
and Electrical Review. Aud. >. L878. | 


Int. 48. You have stated that speech is transmitted electrically 


te 


by causing and by utilizing electrical undulations similar in form to 
the air vibrations of the sound to be transmitted ; do you think that 
any apparatus which has ever been constructed will make those 
undulations to be copies of the sonorous unduiations with theoreti- 
eal and mathematical accuracy and perfection ? 

[ do not know of any apparatus which would do this with 


Ans. Ci 


absolute mathematical accuracy ; but either the magneto transmit- 
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ter or the microphone transmitter will do this with sufficient precis- 
ion to enable them to be successfully and practically employed in the 
art of transmitting speech. 

Int. 44. Whena telephone apparatus is brought to you and set 
In operation by the voice, can you tell whether the current changes 
in it are substantially the current interruptions mentioned in the 
Reis article, which have been referred to, or substantially the electri- 
cal undulations similar in form to the sonorous vibrations mentioned 
in the Bell patent, No. 174,465, and in the Hughes article, an ex- 
tract from which was given in Int. 40? 

Ans. I can readily tell in which one of these two ways the. cur- 
rent changes are produced. 

Int. 45. If the preceding question can be answered by experi- 
mental proof or tests, will you please state the nature of the tests 
adapted to answer it? 

Ans. No instrument is so well adapted to determine the nature 
of such rapid current variations as are produced either by the Reis 
transmitter, the magneto transmitter, or the microphone, as a mag- 
neto telephone receiver of the ordinary butter-stamp pattern. I 
think that the nature of the tests by which one would ascertain the 
character of the electrical variations produced by different forms of 
transmitter will be more clearly understood if I analyze at some 
slight length the nature of the test which a magneto receiver fur- 
nishes, and the nature of the evidence which satisfies me of the 
substantial identity existing between the currents produced by a 
magneto transmitter and those produced by a microphone trans- 
mitter, as, for example, the transmitter employed by the defend- 
auts. 

In any experimental study of electrical changes, there are two 


ways by which we may determine the nature of those changes :— 


} 


1. We may study the instrument producing those changes, and 
observe its construction and its mode of operation. We can thus 
ascertain what will be the effects which, according to existing knowl- 
edge, must result from this operation. 

2. Wemay make use of some instrument which is adapted to 
detect the occurrence and enable us to determine the nature of such 


changes as we have reason to believe are produced. 
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Considering the application to the telephone of the second mode 
of proof which I have mentioned, we know that telephonic currents 
are characterized, Ist, by great rapidity in succession; 2d, by great 
feebleness ; 3d, by peculiarities analogous to the form of an acoustic 
wave. We must therefore employ some testing instrument which 
will detect changes of this peculiar nature. The Bell magneto re- 
ceiver is universally recognized as, among all instruments, the best 
suited to this purpose. The galvanometer and the electro-dynamom- 
eter will not suffice, since they are not adapted to exhibit to an 
observer these phenomena in their completeness, as they will neither 


of them take cognizance of the nature of the rapid changes in the 


streneth of the current, which are employed in transmitting sound 


vibrations; whereas, what we wish to study and compare in two 
instruments is the nature of the changes in the strength of the cur- 
rent and not its absolute average strength. 

Using such a magneto receiver to compare the current variations 
produced by an instrument like that shown in Fig. 7 of the Bell 
patent, No. 174,465, and such an instrument as the defendants’ 
transmitter, we find that the sound heard by the ear at the receiver, 
when a given sound is produced at the transmitter, is substantially 
the same in its quality or articulate character in both cases. It fol- 
lows that the air at the ear of the listener at the receiver in the two 
cases must vibrate in substantially the same manner, and, to produce 
the same articulate speech, must have the same character of vibra- 
tion due to form. But the air is in both cases set in motion by the 
vibrations of the plate at the receiver; hence the plate must in both 
cases have the same form of vibration. If the same word is spoken 
into either transmitter, the same word ts heard at the receiver ; hence 
the character of the vibration of the plate must be the same in both 
eases. The vibrations of the plate are in their turn produced by 
variations in the streneth of the magnet, so that there must be the 
same form or character in variations in the strength of the magnet 
in both cases. Again, these magnetic variations are due to varia- 
tions in the streneth of the current, and as the magnetic variations 
are the same in character with either transmitter, the current varia- 
tions producing these cannot but be the same in their character or 
form. Not only do these general statements hold, but the well- 
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known mathematical laws connecting the different links in this chain 
of results are such that even a very slight change in one will cause 
a change in the others, which would necessarily be recognized. 
ITence, there cannot be any material difference between the character 
of the currents in two such instruments as I have compared. 

On the other hand, if we place a magneto receiver in circuit with 
a circuit-breaking transmitter, like the Reis, we find that the sounds 
produced at the receiver are totally different in their quality from 
those which are produced when a microphone transmitter, such, for 
exiunple, as the defendants’ transmitter, is used; so that by tracing 
the several steps in the operation backward, we are forced to con- 
clude that the current changes are entirely different with the Rets 
transmitter from what they are with the defendants’ microphone 
transmitter. 

We can also employ in this study the first method of proof which 
I mentioned; that is, determining those effects which, according to 
existing knowledge, should result from the operation of the trans- 


mitter. Let us consider the nature of the changes that would be 


produced upon known principles when a microphone like the defend- 


ants’ transmitter is actuated by sound waves produced by the voice. 
In the first place, it is a known facet that the change of current which 
is brought about by such a change of pressure between the electrodes 
as the voice is capable of producing is recognizable not only with 
the telephone, but also with a delicate ealvanometer. This has been 
proved by slowly and carefully varying the pressure between two 
electrodes put in circuit with a sensitive galvanometer and apparatus 
adapted for measuring slight and slow variations in resistance. It 
Is also a well-ascertained facet that the change thus produced in a 
current corresponds to the change of pressure under such circum- 
stances as exist In a microphone like the defendants’ transmitter. 
This fact has been abundantly proved by repeated experiments. 

The defendants’ transmitter is mechanically arranged, so that one 
using it may obtain variations in pressure between the electrodes 
corresponding in character with the variations in the air waves pro- 
duced by the voice. Hence, in accordance with well-known laws, 
if we consider the results which should follow when such a transmit- 


ter Is actuated by the voice, we find that variations in the current 
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should be produced which will have the same character as those 
which on both mathematical and experimental grounds are known to 
exist with the form of telephone described by Mr. Bell and illus- 
trated in Fig. 7 of his patent, No. 174,465. 

Now when we place a suitable testing instrument, such as a magneto 
receiver, in circuit with the defendants’ or other microphone trans- 
mitter, we observe precisely such consequences as should, accord- 
ing to our knowledge of the laws of nature, result from the mode of 
operation of the transmitter, and these consequences are the same as 
should, according to known laws, and actually do result from the 
operation of the magneto transmitter. Ilence, both study based on 
the known laws of electricity and magnetism, and practical testing 
vive the same results as to the nature of the current changes in the 
two cases. In such a comparison as this, I should, therefore, be 
forced to conclude that the nature of the current variations produced 
and utilized in the two cases are substantially identical. It is, of 
course, true that of any two instruments, one may approach more 
closely to perfection than the other as to clearness or loudness of 
articulation, but that the same articulation is heard in both cases 
shows that the mode of operation is the same. 

Int. 46. Will you give us some idea of how valuable and_ sensi- 
tive a testing apparatus the ordinary magneto telephone receiver ts, 
for the purpose of disclosing absolute interruptions or other similar 
disturbances in an electrical current, including the case of such in- 
terruptions in a uniform current and such interruptions in an articu- 
lating undulatory current ? 

Ans. ‘The magneto receiving telephone has been universally rec- 
ognized as an excessively delicate instrument for testing as to the 
existence and nature of extremely delicate changes of current. 
Kohlrausch has substituted a magneto receiver for a delicate galva- 
nometer in a form of Wheatstone’s bridge, used by him, in which 
alternating currents are employed. Hughes has employed it in his 
induction balance, and Spottiswoode in investigating the nature of 
the electrical discharge through a vacuum tube. i have used a mag- 
neto telephone myself, and studied its value as a detector of breaks 


and small current variations. I have found it capable of detecting 


an interruption or sudden variation in the strength of either a con- 
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stant battery current or such an articulating current as is produced 
by a telephone, when this interruption or variation did not last more 
than ,;}5,5, or in some cases, if I recollect rightly, even spioq of a 
second. 

Int. 47. Will you state how the certainty arrived at in the way 
you described compares with the certainty on which are based scien- 
tific researches in electricity, the construction and use of scientific 
and electrical apparatus, and on which are based the practical appli- 
eitions of electricity in the arts, and the construction of instruments 
of various kinds for commercial use. 

Ans. The certainty thus reached is precisely that certainty which 
raises electrical research to the rank of a science. We are ignorant 
of the ultimate nature of electricity, as we are ignorant of the ulti- 
mate nature of gravitation or of matter, but the laws of its action are 
very perfectly known, and variations in its amount can be measured 
with wonderful precision. The laws of electrical currents are so well 
known that they are subject to mathematical calculation, and we are 
able to predict with great certainty what will take place under differ- 
ent circumstances. All of our electric measuring apparatus is based 
upon those mathematical formule which express the laws of electri- 
eal action. Whenever, either in the laboratory or in the arts, we 
construct a particular kind of instrument, we know that with it, under 
definite circumstances, definite and identical changes of current will 
follow. The certainty which we have as to the results of our meas- 
urements is a certainty which is abundantly sufficient to maintain 
science and support the arts. 

Int. 48. T'vo or three years ago, in the Ghegan case, you pre- 


sented a statement of some experiments you had made which bear 


upon the subject of your last answers. If you have collected in a 
convenient form a statement of those experiments or most of them, 
will you present it, and read it as part of your answer. 

Ans. In the experiments in the Ghegan case, the point mainly 
in view was to ascertain whether the variations of pressure operat- 
ing in the microphone transmitter are competent to produce electri- 
cal undulations similar in form to the sound waves, and sufficient to 
account for the transmission of speech. To ascertain this, measure- 


ments were made of the effects of excessively slight variations of 
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vee 


pressure between contact pieces of carbon and other materials, when 


produced gradually. 

[ also made use of a carbon transmitter, with its contact surfaces 
so arranged that under the action of the voice, the pressure 
between these was varied while the electrical contact could not 
possibly be broken. The electrodes of the transmitter were also 
arranged in such a way that they were pressed together by a force 
far too great on mechanical principles to allow of separation with 
the small forces applied. In some experiments the electrodes were 
clamped so that electrical continuity could not be interrupted. 
With all these forms of instrument I observed the results which I 
obtained with a magneto receiver interposed in the circuit. Com- 
paring these results with what I obtained in defendants’ trans- 
mitter and other microphones, I was convinced that the currents and 
the nature of the action causing them were essentially the same in 
all. 

Proceeding further, I produced at the transmitter intermittences 
and other sudden disturbances of excessively minute duration, and 
under such conditions of arrangement of battery and circuits that 
they should produce the least possible effect. [ caused these to be 
produced on a line over which speech was being transmitted. A 
peculiar characteristic disturbing sound occurred in the receiver 
whenever I introduced those disturbances, and long before they 
reached any such magnitude as the interruptions which Reis used 
in his battery circuit, speech was completely obliterated. 

I found no such disturbing causes to arise when listening to the 
defendants’ receiver, or any other receiver put in circuit with their 
transmitter, and became sure that such disturbing causes did not 
exist. 

In studying the capacity of the magneto receiver as a testing in- 
strument, | have found no kind of sudden disturbance, especially of 
the nature of a break, which did not reveal itself by a characteristic 
sound at the receiver interfering with, and if carried sufficiently far, 
destroying articulation ; though long before articulation is destroyed, 
the disturbances are recognized as impairing articulation. I found 


no sueh disturbanees with the instrument of the defendants. 
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The experiments to which I am referring have been collected and 


put into complete form, and [ here produce a copy : — 


Several years ago IT made a long series of experiments with a 
view to determine whether a microphone actually breaks contact 
while transmitting articulation in the most approved manner. J 
will state the results which I reached by these experiments, and 
which are briefly as follows :— 

When, by the sound of the voice, the two electrodes of a micro- 
phone are so moved with reference to each other as to vary the force 
with which one is pressed upon the other, without interrupting the 
electrical current, articulation by any well-constructed instrument 
can readily be transmitted with very great perfection; on the other 
hand, when the vibration becomes great, so that they part company 
sufficiently to interrupt the current, a perfectly marked and pecul- 
iar sound is heard in the receiver, which, if frequently repeated or 
long continued, absolutely interrupts articulation. If this occurs 
but seldom, or for an instant at a time, it disturbs articulation, but 
does not absolutely prevent the sounds from being recognized and 
the sentence from being understoood = There seems, also, besides 
the clicks and disturbances which operators with the telephone are 
accustomed to speak of as “breaks,” to be an intermediate sort of 
condition frequently known as “ seratching ” or “ jarring.” in which 
abnormal sounds, not quite so sharp as those caused by breaks, yet 
perfectly distinguishable from articulation, come in and disturb, and, 
if sufficiently violent and long continued, prevent articulation from 
being transmitted. These sounds are readily produced by scratch- 
Ine one earbon over another without separating them, or by very 
rapidly moving them apart, nearly but not quite to the point of 
Interrupting the current; jarring or rubbing them together will pro- 
duce these sounds; jarring the table or wall which supports the 
Instrument will also produce them. They appear to be due to ab- 
normal disturbances of the contact, which prevent the electrical 
variations from taking the form of true articulating undulations, 
and yet do not always disturb them sufficiently to cause the 
sounds to be unrecognizable. The ear seems to have the power, 
particularly when the attention is directed to this end, of per- 
ceiving articulate sounds in the midst of a great many disturb- 
Ing noises; we always recognize this in talking in a crowded room, 
and the same faculty is quite noticeable when the ear is_ listen- 
ing to a receiving telephone actuated by currents over a circuit 
on which the true articulating undulations have been produced, 
but are more or less deformed or disturbed by extraneous elec- 
trical causes, either in the nature of interruptions or of super- 
position of different sorts of currents or variations. This is 
ilways noticed in the telephone, in ordinary use, when there is a 
“ cross” on the line, as it is called; that is, when currents come in 
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from another line from an accidental misconnection, or when there 
are those disturbances from leakage or induction. which are very 
prevalent on city lines. It not unfrequently happens from accident, 
such as the crossing of two wires, that the listener at the telephone 
hears two people talking at once. The currents which then r ach 
the receiving telephone, and the sounds which reach the listener's ear 
are not simply the electrical undulations due to the voice of the person 
he desires to listen to, but are considerably deformed by the speech 
of the other; and oftentimes by fixing the attention you can hear 
and understand the one person or the other, or sometimes both. it 
is certain, therefore, and is a matter of every-day experience, that 
for the recognition of an articulate sentence itis unnecessary that the 
sound heard by the listener should be eract/y the same as that ut- 
tered by the speaker; it may be — with other noises which 
may be so slight as not to be important, or so serious as to be an- 
noying; and which finally may become so great as to be destructive, 

either by practically changing the character of the sound or by dead- 
ening the ear to the more delicate changes which constitute articu- 
lation. 

I am entirely certain that the defendants’ transmitter and other 
microphones transmit speech by varying the current in substantial 
accordance with the actuating sound waves, and not by interrupting 
it; that every interruption of the current which any known instru- 
ment can produce, enuses in the telephonic receivers 1 ordinary 
use, a distinct and characteristic sound which is quite different from 
articulation, and whieh does not aid articulation, but disturbs it. 
When sufficiently increased, this disturbance becomes so great that 
the listener censes to understand speech. The shightest imterrup- 
tions of the battery current, occurring with a frequency much less 
than that of the vibrations character izing articulate speech, become 
not only noticeable as disturbances, but destructive of speech. 

These interruptions produce two disturbing effects ; considered 
merely as interruptions of the electrical path between the = trans- 
mitter and receiver, they for the time heme cut off connection be- 
tween them; however short this may be, some characteristics are 
lost. When this interruption is fora small fraction of a second and 
is not too often repeated, familiar sounds, —_ words, are still 
recognizable by what is left, and in spite of (but not by reason of) 
the loss. out if the interruption occurs ina circuit in which a bat- 
tery is placed (and a battery is always and necessarily placed in the 
circuit which includes the working contact of the de fendants’ trans- 
mitter), then instead of the slight variations of current due to the 
merely varying (but not interrupting) operation of the microphone, 
amounting to only a small percentage of the full force of the battery 
current, the whole force of the current will, by the breaks, be 
thrown off and on, and abnormally great variations will take place ; 
of themselves they will produce in the receiver a sound abnormally 
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loud and distinctly recognizable as characteristic of a break, and en- 
tirely different from articulation. When the slightest effect of this 
kind is added to the microphonic effects, its disturbing character is 
at once perceived, and us it is increased the disturbance becomes so 
great as to drown the articulation. 
~ By many experiments, some of which I will state, I have satisfied 
myself that it is practically impossible, by any known instrument, 
to produce an interruption of a battery current which the speaking 
telephone receiver will not recognize as a disturbance; that any 
such interruption, however slight, if at all frequent, destroys the 
utility for commercial use. 

[ constructed an apparatus in which I could produce, at the same 
time and by the same action of the voice on the same diaphragm, 
articulating undulations in one part of the apparatus, and makes and 
breaks in another, and then at pleasure connect the two in one cir- 
cuit, so that the results of both should pass over the same circuit to 
the same receiver. | 

For this purpose I took a Blake transmitter with the electrodes 
arranged in the usual manner, one of them being of carbon and the 
other of platinum, as usual. Close alongside of these electrodes and 
connected to the same diaphraem, so us to be subject to precisely the 
same motions, Larranged another pair of electrodes, both of platinum, 
as follows: one of this auxiliary pair consisted of a platinum elec- 
trode precisely like that of the ordinary Blake, but in this instance 
soldered to the diaphragm. The other of this auxiliary pair of elec- 
trodes consisted of a platinum contact piece rigidly fastened to a stiff 
cast-iron lever, which could be adjusted towards and away from the 
first platimum electrode of the pair by means of an adjusting screw, so 
that I could give to the two platinum electrodes such adjustment as 
I desired, and could place them either in very delicate contact with 
the shehtest touch which would permit a current to pass, or just out 
of contact at the smallest distance which would interrupt the current 
I adjusted the carbon contact so as to give good articulation when 
the mouth of the speaker was brought quite close to the instrument 
and exerted with rather more force than usual. With this arrange- 
ment perfectly good articulation was transmitted with ease. IT then 
arranged the platinum electrodes in excessively delicate contact with 
each other, by which I mean that [ brought them up together with 
the slightest touch which would permit the current to pass, and with 
as little pressure as possible. My idea was that I could thus speak 
to the diaphragm in a loud voice, and cause the carbon contact to 
produce the articulating undulations without break of contact ; while 
the platinum contact pieces which had been brought farther apart, 
though still in electrical contact, and with the back one rigidly held 
and unable to follow the motion of the diaphragm, would generally 
part company and interrupt the current with the slight motions of 
diaphragm, which would be insufficient to break the main contact 
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when its platinum and carbon electrodes were firmly piessed 
together. Testing them separately, I found that this could be done 
by carefully modulating the voice, using a very loud tone. — Intelli- 
vible speech in this tone could be transmitted with the carbon con- 
tact, but not with the platinum contact. 

[I then connected them together in one circuit, talking to the 
diaphragm now in the same loud tone that I used when talking to 
each separately. It was manifest that the carbon or articulating 
contact would operate as before ; that is, would produce articulating 
undulations, and that the platinum contact would act as it did 
before, to produce breaks of an extremely delicate and slight char- 
acter. When talking in an ordinary voice several inches away 
from the instrument, I got articulation and intelligible sentences due 
to the action of the carbon contact, and I recognized that the sound 
Was substantially the same as when the platinum was not connected 
with the circuit, the motions in this case being too slight to break 
the continuity of the platinum contact. As I increased the effect of 
the voice, by causing the speaker to approach closer to the Instru- 
ment and speak louder, the vibrations were still too weak to break 
the carbon contact, as I found by experiment, but were strong 
enough to break the peculiarly arranged platinum contact. This 
fact was instantly noticed in the receiver by the abnormal and 


sharply disturbing noises which were now added to the articulation. 
They were totally distinet from articulate sounds, and were markedly 
noticeable as disturbances, hindering, and finally drowning out 
speech for all purposes of practical utility, though some words were 


still recognized. 

When the voice was at its loudest, producing the most disturbing 
effect, I caused the speaker to gradually speak more gently. As 
his voice fell off in violence, the disturbing noises became less, then 
ceased entirely, and the pure articulation came as before. The 
vibrations of a tuning-fork and the sounds of singing, and the pro- 
longed note of vowel sounds, were also tried with similar results. 
The experiment was repeated many times. 

This experiment has a special value. In it the vibrations of the 
diaphragm produce (by the finely adjusted carbon contact) those 
electric variations which transmit speech in the ordinary micro- 
phonic action of a microphone suitably adjusted for practical use ; 
upon this are superposed interruptions of the battery current pro- 
duced by the strong vibrations of the same diaphragm acted upon 
by the same sound. Thus the breaks at the platinum contact coin- 
cide in time with the minimum of current due to the action of the 
speaking or carbon contact, and are of the same frequency as the 
vibrations of the electrodes, with perhaps some omissions. These 
breaks produce in the receiving telephone sounds of peculiar charac- 
ter which the ear readily and distinctly recognizes as disturbing and 
inarticulate noises; while, when by gentleness in the voice or 
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by suitable changes in the adjustment of the platinum contact 
they are excluded, the modulations, due to the non-breaking carbon 
contact, are manifest by the articulations which they produce. 
These experiments, if I had made no others, would lave satisfied 
me that the telephone receiver is the most delicate detecter known 
of any abnormal disturbance in the currents, — particularly breaks 
or anything in the character of breaks, — by the peculiar and special 
sounds due to the shehtest electrical disturbance of this nature. 
This is a fact generally recognized by scientific men. 
[ caused to be constructed a microphone with the parts so ar- 
ranged ius to permit of Cissy Observation of the contact pieces. I 
made both of them of hard earbons, rounded and smoothed, and 
mounted one electrode so as to be in loose contact with the other 
When at rest. With this, speech was transmitted with entire ease, 
using a natural tone of voice and speaking several inches away. I 
then caused the voice to come nearer, to Increase In loudness, and 
caused to be made various prolonged sounds which were adapted to 
vive unusually grevt vibration to the Instrument. During this time I 
observed the carbons with a microscope, which, in the various exper- 
iments, magnified from thirty to fifty diameters. acing in thi 
microscope a finely ruled glass eye-piece micrometer, I selected some 


little spot or protuberance on the carbon near one of the lines, and 
} 


} 
; 


watched it. When thrown into rapid vibration, the spot by a well- 
known effect appeared to widen out into a blur, the width of which 
denoted the range of the vibrations. Tlaving carefully watched the 
width of this blur under the influence of the vibrations produced by 
the voice, I ascertamed that the vibrations due to ordinary speech, 
which was quite loud and perfectly understood, were so sligh 
they could with difficulty He detected by the Microscope 
voice was so exerted as to produce more powerful vibrations, the 
blur widened out more and more. I then, by means of a fine screw, 
drew back one of the eleetrodes until it had passed from a good 
working adjustment to a point where a galvanometer in the circuit 
showed the current to be interrupted, stopping with the smallest 
motion which produced this effect. During this time I watched the 
motion of a spot on the carbon with the microscope, and by the lines 
observed the distance necessary to break the cireuit. Comparing 
this with the greatest range of vibrational movement produced dur- 
ing the transmission of speech with good articulation, I found that 
the smallest motion which would interrupt the current was many 
times ¢reater than the largest due to the articulating vibrations. 
During these experiments, also, [ or another observer listened at 
a receiving telephone of the ordinary hard rubber pattern, included 
in the circuit. Any break observable by the galvanometer eave the 
usual characteristic sound in the receiver, so that we were thus sut- 
istied that it became a reliable test of that brenk. The larger ranges 


of vibration which more nearly approached the breaking distance, 
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“seratching,” which precede a full break and which partially or 
wholly prevent the reception of speech. When by appropriate 
means the instrument was thrown into violent vibrations (an electro- 
magnet being included in the circuit), sparks were frequently ob- 
served with the microscope. They were always uccompanied by the 
well-known disturbing sound of a break. I repeated these experi- 
ments many times on different days, until I satisfied myself that the 
results could be relied on. 

I also tried the same kind of microscopic experiments with such.a 
microphone transmitter as was used by the defendant in the Ghegan 
ease, known as the Hopkins transmitter. Directing the microscope 
upon the contact of the two carbons, the corruscations of sparks 
which took place under the effect of abnormally loud vibrations 
were very striking. In such case and with any variations that pro- 
duced sparks, the characteristic sounds already referred to were 
heard, and if the sparks were at all numerous, articulation became 
lost. In speaking to the instrument ina natural tone, and when in 
its best adjustment for speech, conversation was carried on as usual, 
and no sparks whatever appeared. Under these circumstances, the 
range of vibration of the Hopkins microphone was rather less than 
In my experimental instrument, and was many times Inside the 
breaking limit. 

Mere observation of the contact points, with or without the 
microscope, does not always enable one to say surely whether they 
are in contact or not. There is a well-known optical difficulty due 
to irradiation. Ilaving satisfied myself on this point, I employed 
electrical tests, such as the galvanometer, to determine the electri- 
eal contacts. 

These tests with the microscope satisfied me that no motion 
sufficient to interrupt the current takes place in any microphone 
When transmitting speech with the perfection required for commer- 
cial use. They also satisfied me that no break occurred in the ¢ir- 
cult without the peculiar characteristic sound which the ear recog- 

. hizes as a disturbance, and which, as it becomes more frequent and 
extensive, destroys articulation. 

This confirmed the conclusions from other forms of tests, that 
speech Is, in all cases, transmitted, not by breaks, but, when they 
occur, In spite of them. 

I am sure that it is absolutely impossible to break the cireuit with 
an articulating microphone, or to closely approach breaking the 
circuit without the production of an abnormal or disturbing sound, 
which the ear perfectly recognizes as distinct from articulation, and 
which is very injurious to articulation; and that when this is suffi- 
ciently frequent or sufficiently violent it prevents the transmission 
of speech. 

It is true of all microphones capable of delicate adjustment that 


but did not reach it, gave the abnormal sounds, generally known as 
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conversation carried on several feet away from it may be trans- 
ordinary distance ip practical use is from three 


mitted. while the 
It is impossible for any one to believe that articu- 


inches to a foot. 
late sounds of ordinary conversation made ten feet from such an 
Instrument can throw its iron diaphragm into such violent vibration 
as to break contact of the electrodes. I find that talking as far from 
the imstrument as would have any effect upon it in’ transmitting 
articulate sound, and then moving up towards the instrument and 
eradually increasing the volume of voice, increases the loudness of 
the tones heard in the receiver, but does not change their character. 
When the mouth of the speaker is brought very close to the instru- 
ment, say within an inch or so, and the voice is exerted to the utmost. 
of course a much more violent vibration is given to the diaphragm, 
and it is obvious that in that condition breaks will be more likely to 
occur than in any other. Now, while approaching the voice from a 
distance of several feet to a distance of six inches, even also raising 
it somewhat, the character of the sound received at the receiver does 
not change ; but the more violent exertion of the voice, when 


brought within one inch of the receiver, does produce a change. 


The change which this produces consists in the production of sounds 
substantially similar to those which IT have caused by various de- 


vices for breaking the circuit; and the sounds thus produced by this 
violent and close application of the voice are not .only disagreeably 
perceived by the ear, but are perceived as quite different from any- 
thing which occurs in the articulation up to that point, and distinctly 
as disturbing and inarticulate noises; as they increase in frequency 
and extent they drown out conversation, — I 
use of the lastrument, that breaks do not occur in the first = lis- 
that they can be made to occur by the 


nm convineed from this 


tant application of the voice ; 
violent application of the voice when the mouth is brought extremely 
close to the instrument; that as the foree applied by the voice is 
Increased from the one extreme to the other, there comes a point 
where, with the more violent exertion, sounds’ which are distinctly 
recognized as breaks, or in the nature of breaks, are first heard: 
and they are heard as disturbances, destructive of articulation to a 
greater or less deeree. With a microphone transmitter properly 
adjusted for commercial use, I have not found it possible to produce 
these disturbing breaks with the voice at a distance of much more 
than ten or twelve inches trom the diaphragm; nor are they pro- 
duced, except accidentally, by any application of the voice such as 
akes place in a telephone when used in the manner commonly em- 
ployed for business purposes, and the instrument in ordinary 
adjustment: and I am sure that any man who expected to be under- 
stood by the listener at the other end in the most convenient man- 
ner, would not use his voice in the extraordinarily violent manner I 
have mentioned. I am satisfied from this that whatever it is possi- 
ble to produce with the instrument in a laboratory experiment by 
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an operator seeking to ascertain whether he can make it break, 
breaks will not occur in its ordinary use hy a person engaged in 
transmitting speech by it for commeicial purposes, except by acci- 
dent. Inasmuch as the operation of the instrument, when the voice 
is applied to it'gently and from a considerable distance, Is) clearly 
not that of brernking the circuit, it is impossible for me to believe 
that gradually approaching the voice to it causes any marked change 
in the nature of its operation, until such time as that change in the 
nature of the operation is shown in the result; and when any such 
change appears in the character of the result, it is invariably a 
change impairing and finally destructive of articulation. 

IT have also experimented with the following instrument, which 
clearby excludes the possibility of breaks : — 

April 20, 1879, F. KK. Fitch patented a form of battery transmit- 
ter, Which consisted, in the instrument I used, simply of two disks 
of hard carbon about one and seven eighths inches in diameter, and 
one eighth to one quarter of an inch thick. The lower one rested 
horizontally on a bed of wood or vulcanite, and the upper one, 
Which in this case was three sixteenths of an inch thick, was simply 
laid on top of it. No diaphragm is employed, but the sound waves 


fall directly on the upper carbon. It appears mechanically impossi- 
ble that in such an instrument, when so used, the carbons can_ part 
contact under the ordinary tones of the voice. Yet, under such cir- 


cumstances, It transmits intelligible and good speech. This ean only 
be because the variations in the foree with which the sound waves 
press the carbons together vary the electrical conduetivity of the 
contact In substantial accordance with the sound waves. 
Subsequently, Prot. Wright made some other instruments of the 
same type, which he has described in his affidavit in the Ghegan 
case. ‘They consisted of pieces of hard gas carbon with polished 
surfaces, varying from two grammes to three quarters of a pound 
In weight. The contact surfaces of the smallest consisted of a circle 
five eighths of an meh in diameter, and the largest of a square of three 
inches. One carbon was laid on top of one or more of the others in 
the various forms indicated by Prof. Wright’s drawing, and speech 
was directed against the upper one. Under these circumstances, all 
of these transmitted excellent speech of a pure and clear tone, per- 
fectly good for commercial use. A tuning-fork and resonator were also 
used as the source of sound. In some cases the stem of the vibrat- 
Ing tuning-fork was also pressed forcibly down upon the upper car- 
bon, and the sonorous vibrations thus mechanicaily excited gave the 
pure tone of the fork in the connected telephone receiver. The 
experiments were varied by placing brass weights of from twenty 
to seventy grammes on top of the upper carbon, particularly in the 
case of the large, thin, square carbon. Also, one or two fingers 
were laid gently on top of the upper carbon, pressing it down upon 
the other. This slightly diminished the volume of tone, but still 
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left it quite loud enough for practical business purposes, and made 
the articulation rather more perfect as regards clearness and = sharp- 
ness of definition, and fidelity and agreeable quality of tone. When 
a violently vibrating fork was placed on some of the lighter car- 
bons, a scratching noise was perceived; but under all ordinary cir- 
cumstances we obtained the same pure and clear tone found in all 
good telephones, and in the defendants’ transmitter when in its best 
adjustment. 

The battery used varied from one cell Lelanché, or one cell of 
Grove, up to four cells of Leclanché, the stronger battery being used 
with the larger carbons. An induction coil was also used. 

Connecting several pairs of these carbons at different times in cir- 
cuit with one or two cells of battery, and a tangent galvanometer of 
very low resistance (less than one ohm), moderate pressures exerted 
by placing the finger on the upper carbon would cause the needle to 
deflect more strongly, showing that increase of pressure increased 
the current, and vice versa. 

These experiments (in addition to many others) show that varia- 
tions in the force with which one carbon electrode is pressed against 
the other vary the electrical conductivity of the contact; they also 
show that such variations in this force as the voice exerts in ordi- 
nary speech produce suflicient changes in that electrical conductivity 
to transmit that speech. This kind of operation is the necossary 
result of this application of force ; it will account for the results pro- 
duced; no other operation which IT can conceive as possible under 
these circumstances will account for the results. 

According to the method described in the fifth claim of Mr. Bell's 
patent, No. 174,465, electrical undulations similar in form to the 
sound waves are caused by the sound waves themselves, and then 
are utilized to produce at the receiving station the same articulate 
sound. Jam sure that it is impossible for any instrument to be so 
ideally perfect as to reproduce the sound with absolute and mathe- 
matical fidelity ; and therefore I consider that the method is substan- 
tially employed whenever articulate sounds which are recognizably 
the same as those spoken into the transmitter are produced at the 
receiver by the employment of current variations (caused by the 
voice), which are recognizably similar to the sound waves, and 
which, though to some extent misshapen, deformed, injured, dis- 
turbed, weakened or lost, yet produce the same result by reason of 
so much of the true form as is created and preserved; because in 
such case the speech is transmitted by reason of the articulating 
undulations, aad in spite of the imperfections thereof. | 


Int. 49. Since you testified in the Ghegan case, you have, ] 


4 


believe, made some experiments of a similar nature with another 


microphone provided with a clamp, which you could use or not at 
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pleasure. Will you please state the nature of those experiments, 


and what they were? 

Ans. I have compared the effects produced by a microphone 
working in the usual manner, so as to produce variations of current 
by variations of pressure, with those produced by the same or similar 
electrodes, when so adjusted or operated as to produce breaks in 
the current, using a form of transmitter which is furnished with two 
sets of the ordinary Blake contact pieces of platinum and carbon 
placed symmetrically on the same?face of the disphragm, one set 


on ench side of the centre and as near to the centre as possible. 


The two sets of contacts are entirely Independent of each other, 


and each is furnished with the device commonly used with the Blake 
transmitter for producing the desired normal pressure. Each pair 
of electrodes is also so arranged that they can be clamped and abso- 
lutely prevented from parting contact. The platinum electrodes are 
attached to the diaphragm and the carbon electrodes are suspended 
by springs, as is customary with the Blake transmitter. The two 
sets of electrodes could be used in the same or in separate circuits. 

[ have tried the following experiments : — 

(1.) Placing one pair of the electrodes, which I will call No. 1, 
in circuit with a battery and receiving telephone, I adjusted the elec- 
trodes as Is customary for the transmission of speech. On speaking 
to these in an ordinary tone of voice, good articulation was heard, 
free from breaks or disturbing noises in the nature of breaks. 

But on speaking louder and louder to the transmitter, disturbances 
were heard which became stronger and more frequent as the voice 
was raised, and finally rendered speech unintelligible. These dis- 
turbances were of the same character as those which I have observed 
with circuit-breaking Instruments like the Reis transmitter, or with 
a break-wheel. 

When the voice was raised considerably so that creat disturbances 
caused by breaks were heard in the receiving telephone, sparks could 
be seen by watching the transmitter in a darkened room, and when- 
ever these sparks were seen frequently, the disturbance became exces- 
sively great, although very marked interference with speech occurred 
even before this limit was reached. 

(2.) I then carefully clamped the electrodes (No. 1) so that it 
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was impossible to break the current by the application of a force to 
the diaphragm. I proved that the current could not be broken thus 
by tapping the diaphragm violently, pushing it with my finger, and 
in other ways. Then I spoke to the transmitter more and more 
loudly. Speech was distinctly reproduced in the receiver, but no 
sounds of breaks or sounds approaching those due to breaks were 
heard, nor could any sparks be observed at the transmitter. 

(3.) I then unclamped the electrodes (No. 1) and adjusted both 
pairs (No. 1 and No. 2) so that they were alike as to normal pres- . 
sure, and both uneclamped and in the ordinary adjustment for trans- 
mitting speech. Placing each in circuit with a battery and receiving 
telephone, [ found that speech was transm tted clearly and distinetly 
by both, so that there was no difference that I could detect between 
them. 7 

(4.) Raising the voice was then found to give the same results 
in both receiving telephones, speech gradually beconting more and 
more® interfered with as the disturbances increased until it was en- 
tirely obliterated in both. Sparks were also seen at both pairs of 
contacts. 

I thus established the fact that these two sets of contacts were .x- 
actly alike in their mechanical arrangements, and in the etfects which 
they produced, and, especially, that both transmitted speech in the 
same way under the ordinary operation of the voice, and that when 
the voice was applied with such abnormal force as would mechan- 
ically tend to produce breaks, the results of these breaks were 
equally evident and produced the same effect in both. 

[ then proceeded to alter the conditions of one of them by clamp- 
ing it in such a way that breaks became absolutely impossible, rea- 
soning that, on repeating the experiment, I should now find, if my 
views were correct and the disturbances due to breaks, that they 
would continue to exist in the cireuit containing the electrodes 
which were able to break, and.be obliterated in the circuit in which 
were the electrodes that were not able to break. This I did as 
follows :— 

(5.) I clamped one pair of the electrodes so as to absolutely 


prevent breaking of the current, leaving the other adjusted as 


before. On speaking to the transmitter in an ordinary tone of voice, 
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speech was transmitted by both, and without disturbing sounds. 


On raising the voice, I found that with the receiver which was 
placed in the cireuit with the clamped electrodes, speech was trans- 
mitted as well as ever, and without disturbing noises, while with the 
receiver placed in cireuit with the unclamped pair of electrodes, the 
disturbing noises due to breaks occurred when the voice was raised, 
and increased as it was still further raised, until finally speech ceased 
to be intelligible. Also, sparks were visible between the surfaces of 
the unclamped electrodes, but not at the surfaces of the clamped 
ones. 

It is clear from this experiment that while one pair of electrodes 
is producing true undulations, the other is either breaking the cur- 
rent or introducing those violent disturbances which occur as the 
breaking point Is approached. 

(6. ) I then caused the currents from both piur's of electrodes to 
be superposed in the same receiver, and found that with an ordinary 
tone of voice, speech was perfectly transmitted, but as the voice was 
raised, violent disturbances of the nature of breaks occurred, which 
interfered with articulation more and more seriously until they 
destroyed it altogether. 

The disturbing sounds observed in the last deseribed experiment 
were of the same character as those which I have noticed from the 
operation of a break-wheel producing very short breaks and placed 
in the circuit of a microphone transmitter when speech is being 
transmitted. 

The instrument used in the investigations which I have described 
was constructed with great care, so that it was fully reliable as a test- 
ing apparatus. 

Int. 50. In considering the question whether the defendants’ 
apparatus employs, as the means for transmitting speech, electrical 
undulations similar in form to the sound waves which act upon the 
transmitter, of what Importance is it to know whether any breaks 
occur in the operation of the transmitter ? 

Ans. The essential element which must be present in any speak- 
ing telephone apparatus is the ability to transmit and reproduce the 
substantial form of the vibrations characterizing articulate speech, 


as distinguished from a mere reproduction of the frequency of those 
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vibrations. This constitutes the essential difference between the 


method and apparatus invented by Mr. Bell, and all others which 


preceded it. So far asthe practical result to be attnined is coneerned, 


the manner in which this characteristic of form is impressed upon 
the electrical undulations is immaterial. 

It is of no importance whether the characteristic similarity in 
form between the air waves and electrical waves is produced by the 
variations in electro-motive force due to a magneto transmitter; to 
the variations in resistanee caused by a microphone or other battery 
transmitter; or if such a thine were possible, by a series of exces- 
sively minute breaks produced by a cireuit-breaking transmitter. 
If by any form of transmitting telephone those characteristic variations 
In form to which the quality of a sound is due are impressed upon an 
electrical current so that the electrical undulations are similar in form 
to the sound waves which act upon the transmitter, the method em- 
ployed is that invented by Mir. Bell, as distinct from the method used 
by Reis. 

Int. 51. What do your experiments show as to whether electri- 
eal undulations similar in form to the sonorous vibrations due to a 
spoken word can, in point of fret, be produced by a series of breaks 
between contact electrodes actuated by a diaphragm acted on by the 
voice; and as to whether any breaks which such an apparatus can 
produce are in fact helpful or hurtful in the transmission of speech ? 

Ans. My experiments have convinced me of the impossibility of 
producing such = electrical undulations by any apparatus which 
operates simply by producing a series of breaks between contact 
electrodes arranged and operated as suggested in the question; and 
also that any breaks produced between such contact electrodes are 
never helpful and always harmful in the transmission of speech. 

CHAS. R. CROSS. 
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[New JERSEY (MCDONOUGH) CASE | 
Boston, Nov. 15, 1886. 


Cross-Hxamination by , 2m DUNCAN, Esq... of Counsel for 
Defendants. 

Ovoss-Int. 52 You regard the Bell patent of 1876, in one branch 
of it, as a patent for a speaking telephone, do you not? 

Ans. I do. 

Cross-Int. 53. What other invention is patented in said patent? 

| Objected to as a question of law.} 

Ans. ‘There is a special form of multiple telegraph described in 
the patent. bd 

Oross- Int. 54. Also claimed in the patent ? 

| Same objection |. 

Ans. As I understand the claims the apparatus and method 
employed are set forth as subject matter of the claims. 

Uross- Int. 55. In which claims do you find that the apparatus and 
method employed in the multiple telegraph are set forth ? 

Ans. Inthe first four claims, as I understand them; the fifth 
claim might also be so interpreted as to cover some forms of multi- 
ple telegraph. 

Cross-Int. 56. You understand the fifth claim to be a claim which 
relates to the speaking telephone, do you not? | 

Ans. Ido; and if I were interpreting the meaning of the claims 
I should limit this one to the speaking telephone. 


Cross-Int. 57. Then you wish to correct your answer immedi- 


ately preceding so as to exclude the multiple telegraph from claim 
five ? | 

Ans. Not exactly that; by my statement in answer to Cross- 
Int. 55, regarding the fifth claim, I meant that I could see that one 


might, perhaps, consider claim five as applying to the multiple tele- 
graph. In my answer to Cross-Int. 56, I meant to state that my 
own interpretation of it would limit it to what is known as the 
speaking telephone. 
Cross-Int. 58. Then this is your view of Mr. Bell’s claims—that the 
first four relate to the multiple telegraph as distinguished from the 
(N. J. McDonouGena) 
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speaking telephone, and the fifth claim relates to the speaking tele- 


phone and does not include the multiple telegraph. Is this 


correct ¢ 

Ans. Not exactly. The 2d, 3d, and 4th claims certainly might 
apply to the speaking telephone, I should be inclined to limit the 
first claim to the multiple telegraph, and as I have already said should 
consider the fifth claim as covering the speaking telephone, and as 
intended to be limited to it. It might be possible, however, to de- 
vise a multiple telegraph which would come within the language of 
the claim. 

Oross-Int. 59. Do you know of .any such multiple telegraph ? 

Ans. Ido not know of any which would come within the lan- 
cuage of the claim, as I understand it. 

Cross-Int. 60. What constitutes the fundamental difference be- 
tween a multiple telegraph and a speaking telephone ? 

Ans. As I understand it, the office of a multiple telegraph is to 
send a number of messages simultaneously ; these messages employ- 
ing the symbols ordinarily used in telegraphy, or others replacing 
them; while the speaking telephone is intended to transmit human 
speech from one station to another, and so far as it has practically 
been employed hitherto, transmits only a single message at a time. 

Cross-Int. 61. Does the multiple telegraph act upon the princi- 
ple of electrical undulations on the line similar in form to vibrations 
of air used to actuate the transmitting mechanism ? 

Ans. I cannot answer this question, inasmuch as it appears to 
me to assume the existence of some specific form of transmitter which 
is not described in the patent, and whose construction I do not 
clearly understand. 

Cross- Tut. 62. Do you know of any multiple telegraph which 
depends for its operation upon the presence of electrical undulations 
on the line? 

Ans. An example of such an apparatus is shown in Fig. 6 of the 
patent to Bell No. 174,460. 

Uross-Int. 63. Do you know of any multiple telegraph which de- 
pends for its operation on electrical undulations on the line produced 
by, and copying substantially the form of vibrations or the move- 


ments of air acting on the transmitter ? 
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Ans. Anapparatus which may be thus used is shown in Figs. 4 
and 6 of the patent to Bell, No, 186,787. 

Cross-Int. 64. What do you mean by the term “speaking tele- 
phone ”? 

Ans. I mean a telephone which is capable of transmitting speech. 

Cross- Int. 65. Is the term synonymous with “articulating tele- 
phone ”? 

Ans. I should so understand it. 

Cross-Int: 66. Is the fifth claim of Bell’s first patent limited to a 
speaking telephone, or is it broad enough to include other kinds ? 

Ans. I should think that it would include any telephone which 
transmitted sounds according to the method set forth in that claim, 
even though the apparatus was not perfect enough, or was not 
adapted to transmit speech. 

Cross-Int. 67. What form of apparatus can you conceive of, 
which would transmit sounds according to the method set forth in 
Bell’s tifth claim, and yet would not be adapted to transmit 
speech ? 

Ans. Sucha telephone harp as Mr. Bell described in some of 
his early publications, in which a number of tuned iron reeds are 
opposite the pole of an electro-magnet in the transmitter, and a set 
of similarly tuned iron reeds opposite the end of «an electro-magnet 


in the receiver, would constitute such an apparatus as you refer to in 


vour question. Of course I am not considering at all the practical 


value of such a device. 

Oross-Iht. 68. Inasmuch as such a harp mechanism would not be 
adapted to transmit speech, what would it be good for? 

Ans. I will not venture to say what it would be good for practi- 
cally. It would be possible at least in theory, and I think experi- 
mentally, to transmit a sound whose fundamental and overtones 
correspond to the pitches of the tuned reeds. 

Cross-Int. 69. In your direct testimony you have several times 
spoken of electrical undulations in a telephonic circuit, as “similar in 
form to the sound waves that act on the transmitter.” You of course 
do not hold that in the apparatus shown in Fig. 7 of Bells first 
patent the electrical undulations would be evrac//y sinitlar in form to 


the sound waves ? 
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Ans. They would be similar in form but the form would not be 
the same with mathematical exactness. 

Cross-Int. 70. Do you know of any telephone in which the electrical 
undulations on the line are exactly similar in form to the sound waves 
producing them? 

Ans. By “exactly similar” I understand you to mean that the 


form of the electrical undulation and of the sound vibration are ex- 


actly or mathematically identical. I know of no telephone in which 


this is the case. 

Cross-Int. 71. Do you conceive it possible to construct such a 
telephone ? 

Ans, Strictly speaking, I do not. 

Cross-Int. 72. Would you consider the electrical undulations on 
the line of an operative telephone as “similar in form” to the sound 
waves that actuate the transmitter, even though they were to some 
extent misshapen, deformed, weakened, or even lost ? 

Ans. The fact that there was a certain deformation of the wave, 
or even a loss of some portion of it, would not necessarily prevent 
them from being similar in form. 

Cross-Int. 73. Please state to what extent this deformation and 
loss of portions of the electrical undulations on a telephonic line may 
oecur without departing from Bell’s method, referred to in the fifth 
claim of his first patent? 

Ans. 1 do not know how to give.a definite answer to this ques- 
tion, for it is much as if you asked me how great an amount of lisp- 
ing or stuttering, or how broad a brogue would be permitted before 
the air waves produced by such defective or peculiar utterance 
would cease to be similar in form to those characterizing the English 
language as properly spoken. It seems to me that Mr. Bell’s method 
is employed so long as the work done is done in virtue of such simil- 
arity in form as exists between the sound waves and the electrical 
undulations, and in spite of, rather than because of such dissimilar- 
ity as exists. Practically, however, even a slight departure from the 
most exact similarity in form that we can produce, causes indistinet- 
ness and uncertainty in the articulation transmitted. 

Oross-Int. 74. Is there no practical method of determining 


whether in any particular apparatus the deformation and loss of por- 
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tions of the electrical undulations have reached such a point as to 
place the apparatus outside the scope of Bells fifth claim, or, in 
other words, so that the apparatus will cease to operate upon the 
method referred to in that claim ? 

Ans. If an actval piece of apparatus, which could be experi- 
mented with, were produced, it would be possible to determine 
whether it did or did not operate according to the method described 
in the fifth claim. 

Crross-Int. 75. What would be the practical test ? 

Ans. One would observe the construction of the apparatus, the 
mode ™ which it was intended to operate if this were stated, and 
the results actually obtained as apparent to the ear. 

Cross-Int. 76. Could you determine the question by the last test 
alone ? 

Ans. Ihave not found any difficulty in determining it in any 


apparatus that I have ever seen. 
Cross-Int. 77. Now please state how, in the various telephone 


mechanisms that you have seen, you have always been able, by atten- 
tion alone to the results obtained in using such mechanisms, to deter- 
mine whether or not the electrical undulations were so far deformed 
or lost as to place the mechanism, and the method of its operation, 
outside Bell’s fifth claim. 

lis. It is of COURS? difficult to deseribe the sensations produced 
upon the ear. In the telephone apparatus in which it is evident that 
the method set forth in Bell’s fifth claim is employed, more or less 
perfect articulation is heard at the receiver, which is free from or at 
least predominates over other sounds which may be present, and 
which result from the deformation. In apparatus in which clearly 
the method of that claim is not employed, disturbing sounds or 
noises predominate over or destroy the eflect due to the electrical 
undulations. I cannot tn description draw a sharp tine of demarca- 
tion between the two kinds of apparatus, because it is possible to pass 
by easy gradations from the utmost similarity between the aerial and 
electrical undulations, to the greatest dissimilarity between them. 

Cross-Int. 78. Then in applying this particular test (which T un- 
derstand you to say has always been sufficient, practically, mn the case 


of the various mechanisms which you have been called upon to ex- 
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amine), I understand that you are governed by the distinctness of 
the articulation as you observe it. Is this a fair statement of this 
mode of testing an apparatus to determine whether it is within Bell's 
fifth claim ? 

Ans. Ido not think that this is a fair statement, although of 
course distinctness is one element. The question is one concerning 
the form of the wave, and the differences are those differences which 
are due to differences in form. It seems to me that your questions 
although based on my previous answers, «are really leading me a little 
away from the subject matter of those answers. I had intended to 
be understood as saying that in all the telephonic apparatus which I 
have been led to examine, I have been able to tell by the ear whether 
the method of Bell’s fifth claim was or was not employed. Doubt- 
less it would be possible to construct an instrument, or to so operate 
existing instruments, that it would be difficult to say, from the evi- 
dence of the ear alone, whether that method was or was not theoreti- 
cally employed. 

OCross-Int. 79. In thus testing the various mechanisms heretofore 
exuunined by you, have you ever found one in which the articulate 
sounds uttered at the transmitter were reproduced at the receiver 
with sufficient distinctness to be recognized, which you did not pro- 
nounce to embody the mechanism and employ the method of Bell's 
fifth claim ? 

Ans. I understand you to ask me substantially whether I have 
ever heard a telephone transmitting articulate speech recognizably, 
which did not employ the method set forth in Bell’s fifth claim. I 
have not. 

Cross-Int. 80. Whenever you examine a new telephone and find 
that articulate sounds spoken at the transmitter are recognizably re- 
produced at the receiver, does not this fact in your mind justify the 
conclusion that the apparatus embodies the invention of Bell's. fifth: 
claim ? 

Ans. Inasmuchas I know of no telephone capable of transmitting 
articulate speech which does not employ that method, I should of 
course consider that there was the strongest presumption that any 


new form of speaking telephone which I observed to operate success- 


fully also made use of this method. It is my custom, however, in 
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examining any telephone apparatus to observe the construction of 
the apparatus before testing its operation. 


[ { djourned, | 


NOVEMBER 16, 1886, 11 A.M. 


Cross-int. 81. Ido not think the last question fully answered. 


Please state whether to your mind the fact that with any particular 


apparatus articulate sounds spoken at the transmitter are recogniz- 


ably reproduced at the receiver does not justify the conclusion that 
that apparatus employs the method of, and is the apparatus referred 
to in Bell’s fifth claim of the patent of 18:6? 

Ans. Jam not certain that [ understand the terms of the ques- 
tion in the precise sense in which they lie in your mind. I judge, 
however, that by “articulate sounds” you mean articulate speech 
such as a sentence or a paragraph, and not merely some ejaculation 
or fragmentary syllable for which an inarticulate sound might easily 
be mistaken. I suppose also that the recognition which you refer to 
is a recognition by means of the articulate elements which are trans- 
mitted, that is by the quality of the sound transmitted, and not a 
mere guessing from rhythm or accent, or anything of that kind. 

Understanding your question in this sense I should say that if I 
recognized articulate speech by its quality by means of a telephonic 
apparatus, both the transmitter and receiver of which were unknown 
to me, I should feel the utmost confidence that the recognition was 
effected because of the employment of Mr. Bell’s method by the 
apparatus used. 

My reason for this confidence would lie simply in the facet that 
with all the speaking telephone apparatus with which I am familiar, 
Mr. Bell’s method is employed, and I know of no other method 
available for the purpose. I should also judge the apparatus to be 
of the kind set forth in the fifth claim of the Bell patent ; assuming 
of course that the electrical undulations by which the transmission of 
speech is secured, are set up by the action of the sound waves to 
which they are similar. 

Cross-Int. 82. A single spoken word is as truly articulate speech, 


as one of Evarts’ or Cicero’s periods, is it not ? 
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Ans. If intelligibility is the test, that Is doubtless the case. 
There are some words however which are so simple in their nature, 
that I should hardly know how to distinguish them from marticulate 
sounds ; some words, for example, consisting of a single vowel. 

Cross-Int. 83. What is “articulate speech as 

Ans. I understand by articulate speech spoken words and sen- 
tences consisting of the different vowel and consonant elements, and 
such as are ordinarily used for the communication of ideas. 

Cross-Int. 84. Now, ean you give 1 definition of the term ** arti- 
culate sound ”? 

Ans. Iam not in the habit of using this term myself, and if I 
found it used, I should probably judge of its meaning according to 
the context. Thus, when you have used it insome of your previous 
questions, I have supposed it to be equivalent to the term “ articulate 
speech.” The difficulty in giving a rigid definition comes from the 
fact that it is not easy to say when a sound of the voice ceases to be 
articulate. I do not know but that the intention of the person utter- 
ing it might justify us in calling the same sound at one time articu- 
late and at another inarticulate, although there were no perceptible 
physical difference between them. An articulate sound must, | 
should say, be produced by the organs of speech, although not every 
sound produced by the organs of speech is articulate. 

Cioss-dnt. 85. You have made a careful study of the science of 
acoustics for several years past, have you not? 

Ans. Ihave done so. 

Cross-Int. 86. As professor of physics, you lecture upon that 
subject before your classes ? 

Ans. I do, before certain of them. 

Cross-Int. 87. Would it be accurate to define an articulate sound 
as one which is capable of being joined or articulated with other 
sounds so as to produce speech ° 

Ans. I should not feel satisfied with that definition. I should 
think some sounds at least could hardly be called articulate until 
they were actually articulated with other elements to form a syllable 
ora word. It is almost impossible to frame a rigid cut and dried 


definition for terms of this kind. 


co 
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Ovoss-Int. 88. Let me try to help you by proposing the following 
definition, taking the suggestion therefor from your last answer: 
Would you be satisfied to define an articulate sound as any one of 
the component sounds of actual speech ? 

Ans. Ido not fancy the definition, because I do not think that the 
words “articulate sound,” as they have been used or might be used, 
would necessarily conform to it. I think the terms “articulation” 
and “articulate speech” are more common than the term “ articulate 
sound,” which I should say, would be more likely to be used ina 
general sense than in the limited sense implied in your definition. 
A complete word might very well be spoken of as an articulate 
sound, although there were various elements or sounds united to- 
evether to form it. My objection to your definition arises largely 
from the fact that the term which you seek to define is not, as far as 
IT am aware, used in the very definite manner which you assume. Its 
use is quite indefinite as far as I know. | 

Ovoss- Int. 89. As you seem to take exception to the two 
definitions of the term “articulate sound ” proposed in my last two 
questions, I will ask you to give a definition of the term which will 
be more satisfactory to your own mind. | 

Ans. The part of a critic is a comparatively easy one to play, 
and I have already in my answer to Cross-Int. 87, stated my views 
us to the difficulty of giving a rigid definition on this point. The 
term “articulate sound” had best be used, I should say, to express a 
series of sounds joined together; such as we have, forexample, in a 
complete word or a complete syllable. Ido not, however, consider 
this a satisfactory definition. It perhaps falls into the error of 
vagueness, In endeavoring to avoid the undue rigidity which I 
criticised in your more precise definitions. I suppose, however, 
that what we really want to understand is the meaning of the term 
so faras it has been used, rather than to impose a definition accord- 
ing to which it must be used in the future. 

Cross- [nt. 90. You have frequently used the term “articulate 
speech.” How does this term, as you have used it. differ from the 
simpler term “ speech ” ? 

Ans. The term “articulate speech” has always seemed to me 
somewhat tautological, as T suppose there is no such thing, properly 
(N. J. MCDONOUGH) 
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speaking as inarticulate speech. Articulate speech isa term which ts 


very commonly used, however, and I suppose conveys and impresses 


upon one the idea of the articulation which characterizes speech, as 


the word “speech” alone does not. 


[ Pecess. | @ 


Cross- fnt. 91. How do you define the term “ speech ”? 


Ans. The combination of vocal sounds which serve for the com- 
munication of ideas; using those spoken words which are employed 
by common consent as the symbols of our ideas. 

Cross- Int. 92. You seem to object to the use of the term “ articu- 
late sound ” as inexact, and, I suppose, unphilesophical. Do yourecog- 
nize the distribution of sounds into the two classes of “noises ” and 
“musical sounds ” as philosophical and as exhaustive ? 

dns. That distribution is a common one, and though necessarily 
inexact, is a convenient one In many cases. There is, however, no 
definitely marked line of demarcation between the two, and were 
one forced to define them he would have to be somewhat vague. 

Oross-int. 93. Take the sounds of the human voice in ordinary 
conversation, how would you classify them —as “ noises” or as “mu- 
sical sounds ? ” 

Ans. If LT were called upon to classify them in this manner, I 
should include them among musical sounds, although I have heard > 
many voices to which it seems rather a stretch to apply that term. ¢ 


The term “musical sound” as used by the physicist, is sometimes 


in rather sharp contrast to the same termas used by a musician. 
Uross-Int. 94... Why do you classify the sounds of the human 
voice in ordinary conversation as musical sounds ? 


rather than otherwise. In some languages these musical character- 


Ans. Because they present a pretty definite quality according as . 
one or another vowel sound is used. There is considerable regu- 7 
larity in their vibrations, and the effect upon the ear is pleasant 


istics are very clearly marked, in others less so; but in those 


‘ 


languages with which I am familiar, it seems to me that we may 


consider the sounds as musienl on the whole. rather than as harsh and 


noisy on the whole. 


a 
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Oross-dut. 95. “Noises,” as well as “musical sounds,” have 
qualities of their own, have they not? 

Ans. They have. 

Cross-Int. 96. Due to the same cause as in the case of musical 
sounds ? 

Ans. Yes. 

Cross-Int. 97. Briefly stated, what is the cause of the quality of 
the sound, whether it be a noise or a musical sound ? 

Ans. Quality differences are due to differences in the pitch, num- 
ber and relative intensity of the different partial tones which make 
up the complete sound. By “partial tones” I mean the fundamental 
and overtones. 

Cross-Int. 98. Then “quality” or ¢2mbre, as I understand you, is 
not a characteristic of sound which is coordinate with intensity and 
pitch, but is the effect of the particular combination of the fundamental 
and overtones that happens to characterize the particular sound whose 
quality is observed, and is dependent upon the two characteristics 
of intensity and pitch in the various partial tones ? 

Ans. That is true. We can reproduce a certain quality of tone 
artificially by combining separate sounds having the same pitch and 
intensity as the partial tones of the sound to be reproduced. 

Cross-Int. 99. Do you understand that there is any substantia] 
difference between noises and musical sounds, so far as regards their 
complexity ? 

Ans. Broadly speaking, the vibrations in musical sounds are 
more regular than in noises, but one runs into the other bv insensi- 
ble gradations. In musical sounds the partial tones as a whole form 
consonances with one another, while in noises they form dissonances 
with one another. 

Uross-Int. 100. Having regard to the number of partial tones 
that are sensibly present, which class of sounds ordinarily is the 
more complex, a noise or a musical sound ? 

Ans. Ido not think that I can answer this question definitely. 
The essence-of the musical sound is the predominant consonance of 
its partial tones, that of the noise the dissonanee of its partial tones. 


Kither the noise or tbe musical sound might therefore have the 
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greatest number of partial tones. It is more difficult to pick them 
out with the ear, however, in the case of the noise. I do not know 
that [ cun say more than that some musical sounds are more com- p 
plex than some noises, while certain noises are more complex than 
certain musical sounds. 

Ovoss-Int. 101. Is it then more difficult to recognize the quality 
of a noise than the quality of a musical sound ? 

Ans. If you mean to recognize it, as a whole, by the ear, it is 
not; except in so far as there is less definiteness about noises, as a 
whole, as to quality, than with musical sounds. If, however, you 
ask me whether it is more dificult to analyze a noise into its elements 
than a musical sound, I should say, answering very broadly, and ex- 
cluding various specific cases, that it Is. 

Uross-int. 102. Would the fact that there is “less detiniteness 
about noises, as a whole, as to quality, than with musical sounds,” 
tend to render it more dificult to recognize the quality of noises 
than of musical sounds ? 

Ans. What I meant by my statement as to the lack of definiteness 
in the quality of noises was, that we have not clagsified them as well 
as we have classified musical sounds, and also that we do not dis- 
tinguish as readily between different dissonances such as are present 
In noises, as we do between the different consonances which charact- 
erize musical sounds. I should say, therefore, that we are more 
likely to confound noises than musical sounds. Thus we may mis- 
take the rumbling of a cart for the sound of thunder, or the cries of 
a cat for those of a baby. 

Cross-/nt. 103. When, in your answer to Int. 7, you define quality 
as being “that peculiarity of a sound by which, independently of its 
pitch or loudness, we are enabled to determine the instrument by 
which the sound is produced,” you did not mean of course to imply 
that quality is notdependent upon the pitch and loudness of the vari- 
ous partial tones making up the sound? 

Ans. I did not. 


Cross-Int. 104. Is it “quality” which enables you to distinguish 


the sound of any instrument from the sound of the human voice, the 
sounds being not different in pitch and loudness ? 


Ans. It is. 


DEPOSITION OF CHARLES R. CROSS. 161 


Cross-fnt. 105. Is it by quality also that you distinguish one 
voice from another, or a sound uttered by one voice from another 
sound uttered by the same voice ? 

Ans. Very largely, though not wholly. In distinguishing the 
voice of one person from that of another, we are aided very greatly 
by the manner of enunciation, of intonation, of emphasis, and vari- 
ous other peculiarities apart from those which give its characteristic 
musical quality to the sound. 

Ovoss- Int. 106. How do these various personal peculiarities, 
which you refer to, modify the sounds of the voice otherwise than by 
modifying the intensity and the pitch of some or all of the partial 
tones that make up the complete sounds? 

Ans. Doubtless such differences as these may very largely be re- 
solved into such differences as you mention in your question.  Be- 
sides this, however, there is the mode of beginning or ending of the 
sounds, whether sudden or gradual; also there is the rate at which 
the person habitually speaks. | 

Cross-Int. 107. Tow can any particular mode of beginning or 
ending a sound be manifested to the human ear, except through 
the special variations of intensity and pitch produced thereby in 
the partial tones of such sound ? 

Ans. For example, by suddenness in beginning or by sudden- 
ness ending, as distinguished from a gradual rise or fall of inten- 
sity. 

Cross-Int. 108. Will not suddenness in beginning or ending a 
sound produce different air vibrations from what would occur with 
a gradual beginning or ending; different, I mean, not necessarily 
as to the fundamental vibration, but at least as to some of those 
that relate to the overtones? 

Ans. I should not think that the single element of sudden- 
ness, apart from any other differences which might accompany it, 
would necessarily affect the overtones. 

Cross-Int. 109. Certainly a sudden beginning will in some way 
change some of the air vibrations, as compared with a gradual 
beginning, will it not? 

Ans. They will attain more rapidly to their maximum amplitudes. 
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Cross-Int. 110. In other words, the first vibrations produced In 
the two cases will differ as to their ampiitudes 7? 

Ans. That is true. 

Oross-Int. 111. Now, is it not a fact that the quality of all sounds 
whatsoever, whether noises or musical sounds, articulate sounds or 
inarticulate, is dependent upon the intensity and pitch of the various 
partial tones which respectively compose them? Or, m other words, 
upon the amplitude and rate of the air vibrations that produce such 
respective partial tones ? 

Ans. Itis. Ihave pointed out in my previous answers certain 
facts as to the so-called non-musical elements of quality, merely 
because I have sometimes known erroneous conceptions to be formed 


from overlooking them. 


| Adjourned. | 
| Adjourned. | 


NOVEMBER 18. 1886, 11 A. M. 


Cross-Int. 112. Referring to your answer to Cross-Int. 81, do 
you mean to be understood as saying that if you were to recognize 
the articulate elements of spoken words by means of a telephonic 
apparatus, the transmitter and receiver of which were unknown to 
you, you would, from that fact alone, be justified in concluding that 
the speech thus recognized is transmitted by means of electrical un- 
dulations similar in form to the air waves that influence the trans- 
mitter ; and that such apparatus is the apparatus referred to in the 
fifth claim of the Bell patent of 1876, and operates by the method 
therein set forth ? 

Ans. I should find it much easier to answer this question after 
actually listening to the transmission secured with a given apparatus, 
than I find it to answer with reference to imaginary apparatus. <A 
part of my difficulty arises from the fact that I do not know precisely 
what meaning to attach to the term “articulate elements of spoken 
words,” and also from the fact that we may oftentimes recognize 
crude imitations of spoken words when these are familiar to us. 
Iliustrations of this last fact are observed in the various forms of 
talking machine, and in the phonograph. 

I should not therefore feel ready to say that if I thought I recog- 


nized some sound that approximated more or less closely to a simple 
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word or syllable, or fragment of a syllable, that accurate electrical 
undulations, rather than simply some approximation to these, were 
employed, nor that the apparatus was certainly that referred to in 
the fifth claim of the Bell patent of 1876. 

| Answer objected to as not responsive. | 

Cross-Int. 113. What do you mean in this answer by “accurate” 
electrical undulations ? 

Ans. I used this word. not thinking of any better one, to indicate 
such electrical undulations as are close copies of the air vibrations 
as distinguished from cruder imitations of these, such as might be 
built up, for example, artificially. The distinction which I had in 
mind might be illustrated, though, perhaps, somewhat crudely, by 
the distinction between a full and a dotted sinuous line, or between 
a complete surface and a surface made up of ruled parallel lines toler- 
ably near together. These two resemble each other to a considera- 
ble extent, and with simple figures and at a considerable distance 
from the eye, one might be mistaken for the other. So I might ree- 
ognize the coarsely hatched drawing of a letter as being that letter, 
although even a casual inspection might show that it was a very im- 
perfect imitation. So, again, a very sparsely dotted letter migit be 
recognized, while if a sentence were written in that manner it might 
he quite unintelligible. | 

Cross-Int. 114. Do you then intend to indicate, by your last two 
answers, that it is possible under any circumstances, to transmit 
speech electrically, without the employment of electrical undulations, 
and thereby using the method of Bell’s fifth claim ? 

Ans. I do not know that [ can say more with regard to this than 
[ have already said, namely; that I know of no other method of 
transmitting speech in any proper sense. [| did not intend to indi- 
cate that I though it possible to transmit speech electrically without 
the employment of electrical undulations. 

Cross- Int. 115. Do you regard it as a physical law that a tele- 
phone can operate in the transmission of speech, only by means of 
electrical undulations substantially similar in form to the air waves 
that actuate the transmitter ? 

Ans. If] understand you correctly, you ask me whether I con- 


sider it a necessary consequence of the laws of p bysies, that speech 
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can be transmitted electrically only by the employment of such elec- 
trical undulations as you mention in your question. I have not suc- 
ceeded of thinking of any other way of doing this, and it does seem 
to me to bea necessary though not an immediately evident conse- 
quence of natural laws. 

Oross- Int. 116. Do you know of any experimental mede of ex- 
amining the current of a telephone—so as to determine whether it be 
undulatory, pulsatory or intermittent—otherwise than by means of 
the instrument at the receiving end, whereby the sounds transmitted 
over the line are reproduced to a greater or less extent? 

Ans. I have imagined some methods by which this might be 
done, but they are very delicate, and I have not tried to put them In 
practice. There is also a device, which has been used, T believe, to 
a slight extent, for the study of telephone currents, which I have 
intended for some vears to work up myself, and by means of which, 
I think, we could distinguish between the different kinds of currents 
which you mention. I have not, however, experimented with any 
apparatus for detecting these differences in the nature of a current, 
otherwise than « telephonic receiver applied to the ear. | 

Cross-int. 117. Do you know of any person who has been able 
to determine experimentally the nature of the telephonic current, 
otherwise than by the use of the receiver applied to the ear? 

Ans. Ido not. 

Cross-Int. 118. Ita telephone be spoken into, and you ean dis- 
tinguish a single word at the receiver, would such a telephone 
embody the method and apparatus of the fifth claim of Bell’s patent 
of 18767 

Ans. To the extent in which the word was recognized by the 
quality of the sound, I should think that such an apparatus would 
employ electrical undulations similar in form to the air waves pro- 
ducing them, and hence to that extent would embody the method of 
the fifth claim. Without, however, hearing or having described any 
specific apparatus or results, I do not feel ready to say that the faet 
that I succeeded in making out some word, without respect to its 
character, would justify me im concluding that the apparatus 


necessarily embodied the mvention set forth in the fifth claim. 


Le MRS NMR RRL T WRT ALR EL TLS a 


DEPOSITION OF CHARLES R. CROSS. 165 


Cross-Int. 119. Do you then pretend that you can make out or 
recognize a word in a telephonic receiver otherwise than by observ- 
ing its “quality”? 

Ans. Perhaps not, if the word “quality” is used in its very 
broadest sense, including the manner of beginning and ending the 
sound. I ought to say that in my last answer I also had in mind the 
question of the influence of the expectedness of a word. 

Oross- Int. 120. If then while listening to a telephonic receiver you 
were to recognize a single word not expected by you, and one 
composed of several component sounds (this being not a mere 
ejaculation) would the telephone in your opinion embody the inven- 
tion set forth in the fifth claim of Bell’s patent of 1876? 

Ans. Still remembering the fact that you are questioning me 
with regard to a purely hypothetical apparatus, I will say that if I 
really and distinctly recognized a spoken word which was unan- 
ticipated, and of such a nature that [ could not have cuessed it, its 
quality being evident; then, not being myself acquainted with any 
means of securing this result other than by the production of electrical 
undulations similar inform to the sound waves producing them, I 
should, in the absence of evidence to the contrary, conclude that the 
transmission was secured by the production of electrical undulations 
substantially similar in form to the air waves producing them, and 
so that it embodied the invention of the fifth claim. 

[ Leecess. | 

Cross-Int. 121. Do you regard that as an affirmative answer to 
the question ? 

Ans. ILintended my answer to be affirmative, subject of course 
to the various limitations which I expressed in it, and which though 
not explicitly stated in your question, I supposed to be implied in it. 

Cross-Int. 122. You are aware of the fact that speech can be 
transmitted by a transmitter consisting of three carbon blocks, one 
of the three being connected with the battery, another with the line, 
and the third resting upon these two ? 

Ans. Lam. 

Oross-Int. 123. Wave you ever used such a transmitter ? 

Ans. I have done so. 


(N. J. McDonovuGu) 
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Cross-Int. 124. Transmitting speech successfully by means of It? 

Ans. Yes. 

Cross-Int. 125. You are familiar with that form of the Hughes 
microphone which is made by the use of three nails arranged in the 
sume manner as the earbon blocks just referred to? 

Ans. lam. 

Cross-Int. 126. Can speech be transmitted to any extent by 
means of such a microphone ? 

Ans. Ido not remember to have done this myself. I believe 
that it is said to have been done to a certain extent, but I do not 
know how well. 

Cross-Int. 127. Have you ever tried this mechanism ? 

Ans. I never tried three nails alone, so far as I] can remember, 
but I recollect that when Prof. Hughes’s article was first received In 
this country, and before I had seen it, I was told of its contents in a 
somewhat indefinite manner, and I piled up a number of nails to try 
them as a transmitter. I did not get at all good results, but this 
may partly have been due to the fact that the only receiver which I 
then had was a very poor one. I do not remember to have tried that 
precise experiment since. 

C'ross-Int. 128. Have you any doubt that speech has been and 
can be transmitted with Hughes’s three-nail microphone ? 

Ans. I see no reason to doubt the fact. 

Cross-Int. 129. If Hughes’s three-nail microphone were used for 
the transmission of speech, or if the carbon block transmitter spoken 
of in Cross-Int. 122 were used for such a purpose, would the instru- 
ment embody the invention set forth in the fifth claim of Bell’s patent 
of 1876? 

Anus. It would, in my opinion. IL understand, of course, that the 
devices are operated as in the ordinary transmission of speech by a 
microphone. 

Cross-Int. 180. Do you know of any method of adjusting a Blake 
transmitter so that it will operate efliciently, otherwise than by listen- 
ing to a receiver joined in the same circuit ? 

Ans. Not of any method which would be a practical one, and 
satisfactory. I kuow of no other which has been used. 

Cross-Int. 131. Can you tell by merely looking at the Biake 


tnrasmtteir whether it is so adjusted as, when spoken to, to produce 
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electrical undulations in the circuit similar in form to the air waves 
acting on the transmitter ? 

Ans. Ido not think that I could tell certainly by simply look- 
ing at it when it was not being operated, which I assume to be 
the condition supposed by your question. I think that I could 
adjust it, if I could see the electrodes, so that it would produce 
such undulations; though I do not suppose that I could so adjust 
it as to give the best results in transmission. I have never tried 
to adjast the instrument in this manner, however, and so may be 
mistaken in my impression. 

Cross-/nt. 132. If you were endeavoring to transmit speech with 
a Blake transmitter so adjusted that it would not transmit speech, 
would the apparatus embody the invention of the fifth claim of 
Bell’s patent of 1876? 

Ans. I should think that would depend upon how it was adjusted. 
If it failed to transmit speech because it did not transmit any elec- 
trical undulations, or because those which it did produce were not 
similar in form to the sound waves producing them, I should not 
think it would embody the method and apparatus’ of that claim. 
If it failed to transmit speech because the proper electrical undula- 
tions, though produced, were too feeble to enable us to recognize 
what was transmitted, I should then think, as far as scientific iden- 
tity was concerned, that it did embody the method and apparatus of 
that claim. 

Cross- Int. 133. Now, if a Blake transmitter, or any other tele- 
phonic apparatus, should be so adjusted or organized as to cause the 
current to act upon the receiver otherwise than by electrical undula- 
tions, or by undulations not similar in form to the air waves that 
actuate the transmitter, but so as to reproduce speech; would you 
say that such an apparatus embodies the invention of Bell’s fifth 
claim ? 

Ans. I cannot conceive how a Blake transmitter can be adjusted 
to perform any such operation as you suggest. If in your hypothet- 
ical apparatus speech were reproduced other than by the operation 
on the receiver of electrical variations, which are substantially elec- 


trical undulations similar in form to the sound waves producing 
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them, Ishould not think the apparatus did embody the invention 
referred to. 

Cross-Int. 154. I suppose that you would insist upon it that 
any electrical “ variations ” Which are capable of so influencing the 
receiver as to cause it to reproduce speech, would be “substantially 
electrical undulations similar in form to the sound waves producing 
them ?” 

Ans. I know of no others which will reproduce speech, and hence 
should expect to tind them so if speech were reproduced. 

Cross-Int. 1385. You know it to be a fact, do you not, that the 
electrodes of a Reis transmitter can be so adjusted relatively to each 
other, by the mode in which the instrument is talked to, that it will 
transmit speech ? 

Ans. Ihave been able to transmit speech intelligibly by speak- 
ing gently to a Reis transmitter in circuit with a battery and Bell 
magneto receiver. 

Cross-Int. 136. At such times, as you understand it, the Reis in- 
strument is producing electrical undulations similar in form to the 
air waves? 

Ans. It is. 

Cross-Zit. 156. And embodies the invention of Bell’s fifth claim 
of the patent of 18767 

Ans. I understand that it does when so operated. 

Cross-Jnt. 137. Both the method and the apparatus of that 
claim ? 

Ans. I should say that it does. 

Cross- Int. 139. Did you find that you were also able, with that 
same Reis transmitter, to so adjust the electrodes in their relation to 
ach other, simply by your mode of talking to it, that it would not 


transmit speech ? 
Ans. When I talked to it loudly, so that the circuit was broken 


frequently, I was unable to transmit speech by it. 


Oross-Int. 140. Did it at such times embody the invention of 


Bell’s fifth claim ? 
Ans. I should say that it did not. 
Cross-Int. 141. Then, according to your belief, the determina- 


e/ 


tion of the question, whether or not a Reis transmitter embodies 
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the invention of the fifth claim of Bell’s patent of 1876, does not 
depend on the construction of the instrument or the relation of the 
parts to each other when at rest, but upon the mode in which the in- 
strument is used. Is that correct ? 

Ans. It is. 

Cross-Int. 142. Referring now to the Mayer diagrams in your 
answer to Int. 11, you understand, do you not, that the lower dia- 
eram c d is the correct graphical representation of a sound wave 
produced by the fundamental and the overtones whose curves are 
represented at a 6 in the upper diagram ? 

Ans. Ido. 

Cross-Int. 143. Let us assume now a sound wave whose form is 
correctly represented by Mayer’s diagram ¢ d and that this wave 
impinges upon the transmitting diaphragm of a theoretically pertect 
telephone, would this same curve or diagram c d, correctly repre- 
sent the form of vibration of such diaphragm ? 

Ans. I should say that it would substantially. 

Oross-Int. 144. Would that also be true of the electrical undu- 
lations produced thereby ? 

Ans. Substantially true. There may of course be what are called 
“variations in phase” among the component vibrations, which will 
not, however, alter the mathematical nature of the curve, although 
they would alter its appearance to the eye. 

Cross- Int. 145. And would the movements of the receiving dia- 
phragm be expressed by the same curve ? 

Ans. Substantially so. There will of course be such phase dif- 
ferences as I have mentioned ; but the mathematical character of the 
curve would remain the same. 

Cross-Int. 146. Referring now to the movements of the trans- 
mitting diaphragm, can, you assign any particular portion of Mayer’s 
curve ¢ d to the advance of the diaphragm under the condensation 
of the air, and any other portion to its recession ? 

Ans. We can so interpret the curve as to do this. Thus, con- 
sidering the motions of the central portion of the diaphragm, we 
may suppose that while the ordinates are increasing, such portion is 
moving towards the magnet, and that while they are decreasing, 


such portion is moving from the magnet. 
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Cross-Int. 147. Then with that interpretation of the Mayer curve 
cd as applied to the movements of the diaphragm of a contact trans- 
mitter, what is the significance of the minor curves or sinuosities 1 
those portions of the general curve which you say represent the 
recession of the diaphragm ? 

Ans. Ina microphone transmitter, such as I understand you to 
refer to, these sinuosities would correspond to variations in the 
pressure between the hammer and anvil electrodes. 

Cross-Int. 148. IT intended to inquire as to the significance of those 
minor waves or sinuosities with reference to the actual movement of 
the diaphragm. 

Ans. They indicate that while the diaphragm is performing its 
long backward movement, which, as a whole, is one of recession, 
there is superposed upon this motion a lesser vibration in virtue of 
which the diaphragm moves a little forward, and then further back 
repeatedly. 

Cross-Jnt. 149. In other words, where the portion of the curve 
which indicates the general backward movement of the diaphragm 
turns slightly forward, this indicates that at that point the dia- 
phragm itself is making a slight advance movement in connection 
with, or, if you please, as a short interruption of, its general retro- 
vrade motion ? 

Ans. Iso understand it. 

Cross-Int. 150. If now we consider Mayer’s curve ¢ d as repre- 
senting the movements of the diaphragm of a Reis transmitter when 
actuated by a sound wave whose components are represented by 
Mayer’s curve @ 6, and that such sound wave has sufficient energy 
to cause the electrodes of the instrument to separate, at what point 
along said curve ¢ d will such separation taken place ? 


Ans. I should expect it to take place at or near the extreme 


upper limit of the curves, though Iam not quite certain that it would 


not take place before this, as there might be-some effect from the 
elasticity of the electrodes. 

Cross- (nt. 151. Assuming that the separation of the electrodes 
continued for the twentieth part of the time occupied by an entire 
vibration of the diaphragm, at what point on the curve ¢ d would 


contact be renewed ? 
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Ans. I should think, at a rough estimate by my eye, pretty near 
the rise of the first sinuosity after the curve has begun to fall. 

Oross- Int. 152. Then would the short upward movement of the 
diaphragm, represented by the first sinuosity, bel ikely to produce 
another but shorter separation of the electrodes ? 

Ans. It might or might not do this, according to the violence of 
the vibrations. 

Oross- Int. 153. If it did not, would the upper electrode probably 
follow down in contact with the other electrode as the diaphragm 
recedes ? 

Ans. If it did not part contact, it would. 

Oross- Int. 154. In the last few questions referring to the Reis 
transmitter you have had in mind the cubical box form of instrument, 
have you not? 

Ans. I did not mean to limit any answers to that particular form, 


though J think that, s» far as either was definitely before my mind, it 


was the ecubieal box form. 


Cross-Int. 155. That also isthe form with which you have suecess- 
fully experimented in the transmission of speech ? 

Ans. Ihave used this form as a transmitter successfully with a 
Bell magneto as a receiver. 

Cross-Int. 156. Did you ever transmit speech with it to any ex- 
tent, using Reis’s knitting-needle receiver ? 

Anus. Not satisfactorily. I once succeeded, using great care and 
making every possible exertion to secure success, in understanding 
one very brief, familiar, and rather looked-for sentence, which the 
person speaking to me was in the habit of using when testing inef- 
ficient instruments ; and also a portion of another short, familiar, and 
anticipated sentence. This is the most that I have done with the 
Instrument. 

Oross- Int. 157. What were the words that you heard ? 

Ans. <AsI recollect them, the sentence referred to was “ The sun 
is shining brightly.” I also heard, “It is half past , it really 
being half past four, I think. The exact details of this experiment 
are not fresh in my mind, as it Is a long time since [ tried it; but 
in a former deposition in one of the telephone cases, I have stated 
them more at length. 

[ Adjourned to Friday, Nov, 26, af 1O A. M.| 
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Cross-Int. 158. In Cross-Int. 150 I assumed the Mayer curve 
cdto represent the movements of the diaphragm of a Reis trans- 
mitter as actuated by a sound wave whose components are repre- 
sented by Mayer’s curves a 0, and that the energy of such sound 
wave was sufficient to cause the electrodes of the instrument to sep- 
arate ; now please state whether during those portions of the time 
occupied by each vibration of the diaphragm during which the 
electrodes are in contact, there is any variation in the pressure of 
the electrodes upon each other? 

Ans. There is. 

Cross- Int. 159. What causes this variation of pressure ? 

Ans. The inertia of the anvil electrode of the Reis instrument. 

Cross-Int. 160. Please explain a little more fully. 

Ans. When the upward velocity of the hammer electrode is 
increasing, the inertia of the anvil electrode prevents it from imme- 


diately acquiring the velocity of the hammer electrode, so that the 


pressure between the two electrodes is increased. When the 


velocity of the hammer electrode is diminishing, the anvil electrode 
tends to move onward more rapidly on account of its inertia, so that 
there is a diminution of pressure between the electrodes. If the 
hammer electrode is descending and its velocity increases, the 
inertia of the anvil electrode will prevent it from following the ham- 
mer electrode so rapidly, so that a diminution of pressure will 
result. 

Cross- Int. 161. And what will be the effect upon the pressure 
between the two electrodes of those peculiar movements of the dia- 
phragm which are represented by the minor sinuosities of that part 
of Mayer’s curve ¢ d, which as a whole represents the general re- 
trograde movement of the diaphragm ? 

Ans. Unless the two electrodes parted contact, there would be 
rariations in pressure corresponding to the movements represented 
by the minor sinuosities. 

Oross-Int, 162. What will be the effect upon the current of these 
variations of pressure between the electrodes, which you say would 
occur during those periods of time when the electrodes are in con- 


tact ? 
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Ans. Variations in the strength of the current would be pro- 
duced. 

Cross- Int. 163. What effect would these variations in the strength 
of the current have upon the Jouwdness of the sound produce ! at the 
receiving end of the line? 

Ans. If you assume that the Reis transmitter is so operated as 
not to break the circuit at each principal vibration, then these varia- 
tions in the strength of the current would produce variations in the 
loudness of the sound produced by the receiver. 

Uross- Int. 164. My last question proceeded upon the hypothesis 
that characterizes the several preceding questions, to wit: that the 
instrument is so used that contact of the electrodes is not preserved 
during the entire period of the vibration. I understand you to have 
said that, under this hypothesis, there will be variations of pressure 
between the electrodes during those periods of time when contact is 
preserved, and that these variations of pressure will produce variations 
in the strength of the current. I now ask you whether these varia- 


tions in the strength of the current will produce any effect whatever 


upon the loudness of the sound emitted by the receiving instrument ? 


Ans. They will produce a certain effect, and mechanically con- 
sidered, the strength of the sound, that is of the air wave produced, 
will vary. Practically, however, the excessive loudness of the 
sound produced on breaking the circuit impresses the ear so strongly 
as entirely, or almost entirely, to mask the subjective effect of these 
minor variations. 

| /vecess. 

The last sentence of the foregoing answer is objected to as relating 
toa matter not pertinent to the subject inquired about. | 

Oross-Int. 165. What particular form of Reis transmitter have 
you had in mind in answering the last few questions ? 

Ans. The cubical box form of transmitter, and the knitting needle 
receiver. 

Oross-Int. 166. Do you understand that there is any material 
difference in mode of operation between the three principal forms of 
the Reis transmitter, to wit, the bored-block instrument, the cubical 
box instrument, and the Reis-Legat transmitter, either as to the al- 
leged fact of the electrodes separating as the diaphragm vibrates, or 

(N J. McDonouGu) | 
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as to the further fact of there being a variation in pressure between 
the electrodes, with a consequent variation in the strength of the 
current during the time when contact is preserved ? 

Ans. In all three forms, when operated as described in the Reis 
publications, which I understand to be the mode of operation 
assumed in your question, there is a break of contact between the 
hammer and anvil electrodes at each principal vibration. In all 
three forms there are variations in the pressure between the two 
electrodes during the time that these are in contact. 

Cross-Int. 167. Is there any substantial difference between these 
three forms of Reis transmitters as regards the relative length of the 
periods of contact and of separation of the electrodes ? 

Ans. I should think the relative duration of the contacts and 
breaks with either instrument, would depend upon the way in which 
it was adjusted and operated: so that I do not feel that I can give : 
detinite answer to the question. 

Cross-Int. 168. Please answer the question with such informa- 
tion as you can derive from Reis’s Lecture of 1861, Reis’s Circular 


of 1863, and the Reis-Legat article of 1862? 


Ans. Ido not see that the statements of these publications en- 


able me to give much more definiteness to my reply than before. I 
do find however a statement with regard to. the operation of the 
bored block transmitter, the only one described in the Reis Lecture ; 
which shows that with the precise adjustments there assumed, and 
operated precisely as there described, the break of contact lasts from 
the beginning of the rarefaction until the middle or nearly the middle 
of the next condensation, which would give a longer duration to the 
break, I should think, than would be secured with certain arrange- 
ments of the other transmitters; though not longer than might be 
secured with them. | 

Cross- Int. 169. Looking now at Reis’s cubical box transmitter. 
What, according to Reis’s description of the same, was to be the 
duration of the separation of the electrodes. 

Ans. I do not observe, in cither of Reis’s circulars to which you 
refer, any definite statement with regard to the length of time during 
which the circuit remains open. Te simply says, that once in every 


complete vibration the circuit is opened and again closed. I do not 
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recall any definite statement as to the duration of the break, in the 
other publications, beyond the fact that there is to be a distinct and 
recognizable break at each complete vibration. 

Cross-Int. 170. Does Reis use the words “ distinct and recogni- 
zable” ? 

Ans. Not so far as I recollect. I used those words simply to 
indicate what I understood from the statements of contemporary 
writers, as well as those of Reis himself, to be the minimum dura- 
tion of the break contemplated by him. 

Cross-Int. 171.  Reis’s exact language describing the “ break” as 
you call it, is as follows, is it not, — “for every full vibration the 
circuit is once opened and again closed ?” 

Ans. It 1s. 

Cross- Int. 172. Does that language convey to your mind any idea 
as to the relative duration of the “ break ” and contact ? 

Ans. Considered by itself it gives no evidence as to the relative 
duration of these, beyond showing that an evident break is to be pro- 
duced. . 

Cross-Int. 173. How much of the time of the entire vibration 
must be covered by the break before this would become what you are 
pleased to term “an evident break ”? 

Ans. That I cannot say, numerically. 

Cross- Int. 174. Would Reis’s condition, that “for every full vibra- 


tion the circuit is once opened and again closed,” be satisfied if the 


separation between the electrodes should endure for the one one- 


thousandth part of the entire period of the vibraticn? 

Ans. AsI have said already, I cannot give a numerical answer 
to a question of this nature. I think it is very doubtful whether the 
condition implied in Reis’s language as quoted above, and especially 
when taken in connection with this and other descriptions of differ- 
ent forms of transmitters of his invention, would be satisfied by the 
fractional duration of the break that you mention. 

Cross-Int. 175. From this I understand you to hold, that if a 
Reis transmitter of the cubical box form be so constructed and oper- 
ated that with each vibration of the diaphragm there is an actual 
separation of the electrodes, but one which endures for only the one 
one-thousandth of the entire time of the vibration, then such appar- 
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atus will not embody the condition named in Reis’s circular, “ for 
every full vibration the cireuit is once opened and again closed.” 
Did you intend to be so understood ? 

Ans. I think you have quite misun lerstood my meaning. Per- 
haps I erred in endeavoring to shorten my answer and avoid speak- 
ing more specifically. I understand from all that Reis has said with 
regard to his different forms of instrument, including the present 
one, that he meant to so break the circuit that the current itself 
should be absolutely and distinctly broken, and again renewed when 


the circuit was closed. It was to be open for a sufficient time to 


produce the well-known magnetic click as the bar was demagnetized 


and remagnetized. Now it is impossible for me to say broadly that 
in all cases a period of time equal to Cne one-thousandth of the dura- 
tion of a complete vibration will be sufficient to produce this, and I 
doubt whether it would be, although I know that an excessively 
minute period of time, a twenty-five thou-andth, or perhaps a fifty 
thousandth of a second, is sufficient to produce a click in a magneto 
telephone receiver. But your constant fraction of the period gives a 
varying absolute direction for the break. If the rate is one hundred 
vibrations per second, the break would last one one hundred 
thousandth of a second. If the rate is five hundred vibrations 
the break will last only one five hundred thousandth of a second. 
The most that I can really say on this point is, that if it were pos- 
sible to produce a break of such excessively brief duration as not 
to allow of sufhicient demagnetization and remagnetization of the 
needle of the receiver to produce the magnetie click, I should not 
think that it was such a break as Reis described. -I have never 
been able, however, to produce any break of such a short duration 
that its effect upon a magneto telephone receiver was not evident. 

Ovoss- Int. 176. You seem to think it possible to produce a sep- 
aration between the electrodes of a telephone of such brief duration 
that the current itself will not be “absolutely and distinctly broken.” 
Do you, in fact, so hold?” 

Ans. I used theterm “broken” in respect to the current here, 
because it was the term which Reis himself had used. The phen- 
omenon which I had in mind was not at all the passage of the cur- 
rent across a gap between the electrodes when they were out of 
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physical contact with each other, although I see that this might be 
inferred from my language. I was thinking of the effect of the extra 
current and other retarding influences in delaying any change in the 
electrical and magnetic condition of the circuit. I cannot say with 
any certainty whether it is experimentally possible to produce so 
brief a break in any and every circuit that the current will not be 
absolutely and distinctly broken throughout the whole circuit. It is 
asy, however, to do this with certain circuits, as with long tele- 
graph cables, 

Cross-Int. 177. IT understand you to indicate in your last answer 
that when contact is broken between the electrodes, even to the extent 
that the current ceases to pass across the gap thus made, “the extra 
current and other retarding influences” come into operation and have 
the effect of “delaying any change in the electrical and magnetic 
condition of the circuit.” Is such the fact? 

Ans. These influences always act to delay the rapidity of change 
in the ecireuit. Hence, when contact is broken between the elec- 
trodes, the current falls off less rapidly than if these retarding influ- 
ences were not present. 

Cross- Int. 178. What are the other “retarding influences” to 
which you refer, besides the extra current? 

Ans. The electrostatic capacity of the line is the chief of these. 

Oross-Int. 179. When Reis says that “for every full vibration 
the circuit is once opened and again closed,” what do you under- 
stand to be meant by the term “ full vibration” ? 

Ans. I suppose that he means each complete vibration, that is, 
each complete to-and-fro motion of the diaphragm, corresponding to 
the fundamental note. 

Cross- Int. 180. Then you do not understand that Reis’s language 
contemplates a separation of the electrodes with each change in the 
motion of the diaphragm corresponding to each or any of the over- 
tones? 

Ans. Ido not think that I should get that idea from the terms 
which he uses. His own ideas do not seem to have been at all clear 
as to the theory of musical tones and the sounds of the voice. His 
language might, of course, be interpreted to mean one break for each 


separate vibration corresponding to an overtone, but: this is not dis- 
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tinctly pointed out by him. It seems to me that he had the idea 
of making the circuit when a condensation was produced, and 
breaking the circuit when a rarefaction was produced, and hoped 
that the electrical pulses produced in this way would cause his 
receiver to vibrate in such a manner as to produce air waves, the 
curves representing which would be the same as those representing 
the original air vibrations actuating the transmitter. 

Oross- (nt. 181. How would you interpret Reis’s requirement that 
the circuit is to be opened and closed once for each full vibration, by 
reference to the curve c d of Mayer’s diagram? 

Ans. I should, on the whole, interpret his words as meaning that 
the circuit was to be opened and closed once in the time correspond- 
ino to half of the length of the line ed. 

| Adjourned. | 

DECEMBER 3, 1886. 11 A.M. 

Cross-Jut. 182. Do you conceive it possible that with a Reis 
mechanism, consisting of a cubical box transmitter and a knitting- 
needle receiver, there may be an actual separation of the electrodes 
of a transmitter, during so brief a time that by reason of “the extra 


*9 


current and other retarding influences,” which vou have said operate 


to delay electrical and magnetic changes in the circuit, no “ click ” 
will be given out by the receiver? By “click,” I refer to that sound 
which you have designated by that term in answering Cross-Int. 
175. 

Ans. If the electrical capacity of the circuit were very great, it 
is certainly possible. I should suppose that it might be, if the 
electro-magnetic inertia were exceedingly great. With regard to an 


ordinary circuit, such as Reis used, I should not think that it would 


practically be possible to do this, at least repeatedly. I have never 


seen it done even singly, and the briefest duration of break which I 
have ever been able to produce, has been evident in its effect. 

Cross- Int. 184. Wow tar do you regard this magnetic “ click,” of 
which you have spoken in Ans. to Cross-Int. 175, as essential to the 
operation of a Reis telephone ? 

Ans. Ilunderstand it to be essential to the operation of the instru- 
ment according to the method described by Reis and his contempo- 


raries. 
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Cress-Int. 185. Please explain what this click is. 
Ans. When acted upon magnetically by an electric current, the 


particles of a mass of iron or other magnetic substance are forced to 


rearrange themselves in some way so that the metal is in a state of 


what may be called “magnetic strain.” The changes in the dimension 
of the mass, under these circumstances, will produce waves in the 
surrounding air. If these changes take place suddenly, and with 
violence, as when the metal is magnetized or demagnetized, a distinct 
click is produced. 

Cross-Int. 186. Assuming Reis’s magnetic needle to be at rest, 
will the first passage of the electric current through the surround- 
ing helix cause the needle to emit this click ? 

Ans. On closing the circuit at first, the click will be heard. 

Oross-Int. 187. That is, the very beginning of the molecular 
disturbance of the needle will produce a click ? 

dns. I cannot say about that. When the circuit is broken and 
then closed permanently, a click is heard at the moment of closing 
the circuit. The duration of the click is, I imagine, somewhat 
longer than the time required by the current to assume its full 
strength; assuming, as I do, the cireuit to be such as used by 
Reis. Brief as the click is, it must last a sensible time, and the 
click, as a whole, is not simultaneous with the beginning of the 
current. Of course, as soon as the particles of the needle begin to 
move, they begin to produce vibrations in the air, so that, neglect- 


ing any lagging that may be due to the magnetic inertia of the 


needle, I suppose that the beginning of the aerial disturbance which 
we recognize by the click, is simultaneous with the beginning of the 
current. 

Cross-TInt, 188. Perhaps we do not quite understand each other. 
When Rets’s cubical box transmitter is at rest there is a uniform 
current flowing over the line and through the coils of the needle 
receiver, Is there not ? 

Ans. There is. 

Cross- Int, 189. Assume now an air wave to impinge upon the 
diaphragm of the transmitter so as to increase the pressure between 
the electrodes: that will cause an increase in the strength of the 


current, will it not ? 
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Ans. The strength of the current will undoubtedly increase 
slightly. 

Ovoss- Int. 190. And proportionately to the increase in pressure ? 

Ans. Approximately so, at any rate. 

Cross-Int. 191. Now, what I wish to know is whether Reis’s 
magnetic needle will give off a click at the very instant when the 
current, under the hypothesis of the last two or three questions, 
changes from uniform strength and begins to increase, or, as opposed 
to this. will the click simply begzn when this change in the strength 
of the current begins; its character, as a whole, being determined in 
a measure by the subsequent changes in the strength of the current ? 

Ans. I understand that you assume the circuit to remain un- 
broken. In this case, under ordinary sound waves, the magnetic 
click proper would hardly be produced, I should say, because the 
change in the strength of the current, and consequently in the mag- 
netic condition of the needle, is hardly abrupt and great enough for 
this. There will, however, be a sound produced when the current 
is periodically varied, and the character of this sound will be deter- 
mined by the complete series of changes in the strength of the cur- 
rent. The action under these circumstances is substantially identi- 
cal with that of the carbon microphone. 

Cross-Int. 192. By which you mean, I suppose, that there will 
be a substantial reproduction of the sounds, whatever they may be, 
which actuate the transmitter ? 

Ais. The sounds will be substantially reproduced if a proper re- 
ceiver, like the ordinary magneto receiver, is used. With the knit- 
ting-needle receiver in connection with the cubical box transmitter, 
which you assume to be used, I have never succeeded in understand- 
ing speech, except in the imperfect manner which I have already de- 
scribed in this deposition, although I have recognized that the sounds 
actuating the transmitter were those of the human voice. ‘To this 
extent, when the instrument is operated as you imagine, there is a 
reproduction of the sounds actuating the transmitter. 

Cross-Int. 1938. Now, going back a question or two, do you un- 
derstand that the magnetic “ click,” which you say is essential to the 


operation of Reis’s needle telephone, is something different from the 


sound that is given off by that instrument as you have described its 


—— 
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action under the hypothesis embodied in Cross-Int. 191, in which it 
was assumed that the electrodes of the transmitter vary their pressure 
without separating, which condition of things you assert, in answer- 
ing said question, would “hardly” produce “the magnetic click 
proper ”? 

Ans. The term “magnetic click” has always been applied, as I 
understand it, to the sound which is produced when a mass of iron 
is suddenly magnetized or demagnetized ; and is due to the sudden 
air waves produced in consequence of the abrupt change of the di- 
mensions of the metal. It is a sound of the same nature as when 
one opens a penknife. Its character is determined less by the pre- 
cise way in which the abrupt current varies, than by the mere fact 
of its abruptness and the physical conditions of the metal itself. 
The sound produced when the pressure between the electrodes is 
eradually varied depends rather upon the mode ot variation of the 
pressure. The difference is like the difference in sound produced by 


the momentary impact of a hammer against a piano string, and the 


< 


sound produced by the continuous vibration of the piano string it- 
self. 

Cross- Int. 194. Do you, then, answer the last question in the 
affirmative ? 

Ans. Considering the nature of the sound produced, I should say 
that they were different; that is, if obliged to answer the question 
rategorically, I should answer it in the affirmative. By this I should 
mean that it is not by a combination of these clicks that the sound 


due to microphonie action is produced. 
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Cross- Int. 195. What was there in the object which Reis had in 
view in constructing his instruments, as set forth in his published 
accounts of the same, which rendered it necessary for his receiver to 
give off “ magnetic clicks,” as distinguished from that other and dif- 
ferent class of sounds of which his receiver was capable, and which, 
as explained by you, were produced by the more gradual changes in 
the strength of the current ? 

Ans. Nothing. It was not known, however, in Reis’s day, nor 
previous to the invention of the microphone, that such a gradual 

(N. J. McDoNouGH) 
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change of current as is produced by that instrument, would give 
rise to continuous sounds. 

Oross-Int. 196. In fact, all the sonorous effects which Reis pro- 
poses to produce by his instruments could be produced even in a 
needle receiver without this magnetic click ; could they not? 

Ans. Setting aside all questions of loudness, this can be done if a 
suitable microphone transmitter is employed. 

Oross-Int. 197. Please answer the question without making the 
apparent exception which your last answer seems to make. 

Ans. So far as my knowledge goes, using the Reis receiver with 
a Reis transmitter, it is impossible to produce all the sonorous effects 
which Reis proposed to produce, either with or without the magnetic 
click. The magnetic click is not necessary for the reproduction of 
speech which he proposed, but failed to accomplish. 

| Answer objected fo as not responsive, and as making sfatements 
whieh ave believed by:defendants’ counsel not to be in accord with 
Reis’s own statements of what he in fact accomplished. } 

Cross-dnt. 198. You say that the magnetic click is not essential 
to the reproduction of speech. Now what class of sonorous effects 
did Reis undertake to produce which could not be produced except 
by means of this magnetic click ? 

Ans. Setting aside all questions of loudness ; none. 


Answer chyected fo as not rESPONSLVE . 


l 
Cross-fiu. 199. | (Juestion repeated | ‘ 


| 
u 


Ans. None. My reference to the matter of loudness in my last 
answer was made simply in view of the fact that certain of those 
sounds which are quite loud, and which have been described as 
characteristic of the Rets instrument, are not produced except when 
the circuit is alternately made and broken, so that the magnetic click 
is produced, 

| All of the foregoing answer, after the first word, is objected to as 
not called for by the question, and therefore impertinent}. 

Cross-Int. 200. Does Reis make mention of this magnetic elick ? 

Ans, Ue does, and it is also mentioned in most of the Reis publi- 
eations. In some cases reference is more especially made, however, 
to the effect of a large number of rapidly repeated clicks in fusing 


into a continuous note. 
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Cross- Int. 201. Did you understand the last question to be 
limited to Reis’s own publications ? 
Ans. I did not know whether it was or was not to be so under- 


stood, and therefore shaped my answer so as to reply to the question 


in either case. | 
Cross-Int. 202. In which one of Reis’s own descriptions do 


you find mention made of this magnetic click ? 

Ans. In the description in the Yearly Report of the Physical 
Society of Frankfort, 1860-61, commonly known as the Reis 
Lecture ; also in Reis’s letter to Ladd; also in Reis’s descriptive 
circular of August 9th. The direct reference to the magnetic click 
in the Reis circular refers to its production when the circuit is made 
and broken by hand. 

Cross-Int. 203. In your Ans. to Int. 7 you have said that the 
Reis transmitter “is capable of transmitting pitch, and pitch only,” 
Is it because it was capable of transmitting pitch only, that it was 
incapable (as IT understand you to hold) of transmitting speech ? 

Ans. That would be a sufficient reason. I should rather say, 
however, that its operation as a circuit-breaker, which adapted it to 
transmit pitch only, also prevented it from transmitting loudness or 
quality variations. 

Cross-Int, 204. When you speak of a telephone as transmitting 
loudness, what do you mean? 

Ans. I mean variations in loudness, so that the different compo- 
nents of reproduced sounds are brought out with substantially the 
same relative intensity as in the original sounds. 

Cross-Int. 205. Do you hold that a telephone which is capable of 
reproducing pitch only, is incapable of reproducing speech, but that 
if, inaddition to reproducing pitch, it can reproduce variations in the 
loudness of the sounds put upon the transmitter, it will then have a 
capacity of reproducing speech. In other words, is this the sub- 


. 


stantial difference between a “speaking telephone” and what you 
conceive the Reis telephone to be, to wit: that the one is capable of 
reproducing both pitch and variations in loudness of the original 
sounds, while the other is capable of reproducing pitch only, and 
not variations in loudness. 

Ans. The essential thing in a speaking telephone is that it shall 
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transmit quality, and quality can be transmitted by an instrument 
Which is capable of transmitting accurately the pitch and relative in- 


tensity of the various partial tones constitutiug speech. The Reis 


telephone as I understand it, is not a speaking telephone, because it 
fails to reproduce the pitch and loudness of the various partial tones 


characterizing speech, and also because of the disturbing effect upon 


the ear which is produced when the circuit is broken, and which 
would mask those variations in pitch or loudness, which so far as they 
exist, are due to microphonic action. Iam of course assuming that 
the instrument is operated as a circuit-breaker, which I understand 
your question to assume. 

Oross-Int. 206. If a Reis telephone, in addition to reproducing 
pitch, were also to reproduce the variations in loudness of the or- 
iginal sounds, would it be a speaking telephone ? 

Ans. I should suppose that if any telephone were so operated as 
to reproduce with fidelity both the pitch and loudness of the various 
partial tones characterizing articulate speech, it would necessarily 
transmit quality, and so would be a speaking telephone. If my un- 
derstanding of the operation of the Reis telephone is correct, how- 
ever, the supposition made in the question is not possible. 

| Objection is taken to the last sentence of the witness’s answer, as 
being something not called for by the question, and obviously im- 
proper. | 

Cross- Int. 207. Does Reis himself say anywhere that his instru- 
ments will reproduce pitch only, or is this your conclusion as to 
the necessary action of the instruments which he describes ? 

Ans. leis does not make such a statement. It is my conclusion 
from the operation of the instrument as he describes it, and from the 
various statements made with regard to it in the Reis publications as. 
a whole. 

Cross- Int. 208. By this expression “ Reis publications as a whole,” 
vou refer doubtless to the various accounts written by various per- 
sons, and which have been put in evidence from time to time in the 
various Bell suits ? 

Ans. Ido. 

Ovross-fnt. 209. Can you have the quality of a sound recogniza- 


bly reproduced otherwise than by reproducing approximately its 
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pitch and the variations of loudness that characterize the partial 
tones composing such sound ? 

Ans. ‘To veproduce the same quality at the same pitch, it is nee- 
essary substantially to reproduce the pitch and the variations of loud- 
ness that characterize the partial tones composing such sound. 

Cross-Int. 209. Then if any sound, as for instance that of the 
letter M, be recognizably reproduced in a telephone, the instrument 
must have reproduced substantially the variations in loudness that 
characterize the partial tones of such sound ? 

Ans. If the letter 1s recognized simply by the musical elements 
of its quality, which elements are the only ones that I have been 
considering in connection with the few questions preceding this, 
your supposition is correct. In the case of an isolated consonant 
sound like this, which is more or less explosive in its character, there 
may perhaps be a considerable departure from exactness in the re- 
production of quality without its becoming impossible to recognize 
the sound. That is, — notwithstanding its distortion it may still be 
so widely differentiated from other sounds that one knows what it is. 

Oross-Int. 210. Do you conceive it possible that any sound, even 


“an isolated consonant sound,” can be recognizably reproduced in a 


telephone when the pitch only of that sound is reproduced ? 
[I should say not; though I am not absolutely certain of 


er i is 


Ans. 


this. 


It might be possible for such a consonant sound whose quality 
is ill-defined, that if the variations in air pressure during the continu- 


anee of the sound, or the logographic pressure as it is called, were 


Ay apa anaetinttpncee 
Nanna 


the same, the consonant might be recognized, even though only the 
pitch was reproduced. This, however, is so obscure a matter, that 


what I have said is wholly speculative ; but the existence of these 


peculiar pressure variutions and some effeets which may come from 


them, prevent my answering your question as positively as I should 
like to do. 

Cyoss-Int. 211. So far as your knowledge or belief “oes, Is it 
possible that any sound, even an isolated consonant sound, can be 
recognizably reproduced in a telephone by reproducing the pitch 
only of that sound? 

Ans. I have no knowledge that such is the case. With regard 
to my belief, it certainly seems to me that variations in the loudness 
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of the fundamental of that sound are necessary to its reproduction. Of 
course with a consonant sound like this, the mode of beginning and 
ending that sound is a very important matter, and it is possible that 


by some such changes as these the sound might be recognized. 


| Adjourned. | 


DECEMBER 4, 1886. 


Cross-/nt. 212. Then it is your opinion, is it not, that something 
more than the mere reproduction of pitch is necessary to the recog- 
nition of any sound in the telephone ? 

dus. It is. 

Cross-Int. 213. The first diagram in Reis’s lecture consists of a 
curve which, as I understand it, represents the amplitude and the 
rate, or, in other words, the loudness and pitch of a given sound. 
Mr. Reis says with reference to this diagram, “Our ear can under no 
circumstances appreciate more than can be represented by these 
curves, and this indeed is entirely sufficient to give us a clear 
perception of any tone or any combination of tones.” Do you agree 
with this statement of Mr. Reis? 

Ans. If by “these curves” is meant all curves which can be con- 
structed according to the method that he describes, I agree with tbe 
Statement. 

Cross- Int. 214. What do you understand him to mean by the state- 
ment, “Our ear can under no circumstances appreciate more than 
can be represented by these curves”? 

Ans. Reis knew that all the characteristics of sound are due to 
differences in the condensations and rarefactions of the air conveying 
the sound waves, and, since these differences can all be represented 
graphically, he saw and stated, as in your quotation, that it was 
possible thus to represent all of the variations which affected the 
ear. 

Cross-Int. 215. In other words, is this quotation from Reis a 
statement, in substance, that all those variations in sound which 
are appreciable by the human ear, are resolvable, ultimately, into the 
two elements of loudness and pitch ? 


Ans. That is not at all the statement which Reis makes. It 1s 


rather an inference which we, with our present knowledge, can draw 


eee 
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from the curves, and which we can, therefore, easily interpret his 
statement as saying. I do not see that there is any reason for be- 
lieving that Reis consciously held this opinion. I do not think that 
his views were any more definite than my last answer indicates. 

Oross-Int. 216. Do you then think that he did not have in mind 
the two elements of loudness and of pitch (both of which are repre- 
sented by the curve of the first diagram of his lecture) when he 
used the language quoted above ? 

Ans. My idea is, that in constructing the curves to which Reis 
refers, he intended to represent the pitch and the loudness of the 
sound. I think that he saw that, for reasons which I have already 
stated, it would be possible to represent graphically all possible 
sound waves. I doubt whether he distinctly formulated to himself 
the view set forth in Cross-Int. 215. This is, however, simply my 
inference. 

Uross-Int. 217. The passage which I quoted in Cross-Int. 213 


follows immediately after the diagram to which I have referred. 


The language preceding the diagram is as follows, the italics being 


mine :— 


* The office of the auditory nerve is to bring to our consciousness 
the vibrations of matter which have occurred in a given time, both 
as regards number and auiplitude. Hlere, for the first time, certain 
combinations receive a name; here, certain vibrations ave fones or 
NOES. 

“What our auditory nerve perceives, is then, simply the effect of : 
force coming within the range of consciousness, and this force can 
be represented Joth as to duration and magnitude graphically by a 
curve. | 

° Let a) represent any given time, and the curve above the line 
condensation (+), the curve below the line rarefaction (—), then 
any ordinate raised from the end of any abscissa will represent the 
degree of condensation, at the time represented by its base, in con- 
sequence of which the drum of the ear vibrates.” 


Then follows the diagram referred to, which is immediately suc- 
ceeded by the words previously quoted, as follows: “Our ear can 
under no circumstances appreciate more than can be represented by 
these curves, and this indeed is entirely sufficient to give us a clear 
perception of any tone or any combination of tones.” 
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Taking this passage asa whole, do you not think that it was Rets’s 
idea that all those air vibrations which produce the sensation of sound 
are resolvable ultimately into the two elements or characteristics of 
number or rate and amplitude or force; and that these two charac- 
teristics of the air vibrations could be represented graphically by 
curves, and that the human ear is capable under no circumstances 
of appreciating more than these two characteristics of sound vibra- 
tions ? 

Ans. As I have said already, I doubt whether Reis distinctly 
formulated the matter to himself in this manner; but perhaps I am 


led to this view more by what he does not say than by what he does 


say, as well as by the state of acoustics at that time. Still, I think 


that, considering simply what Reis says in those portions of his lec- 
ture which you quote, the view taken in your question is a fair one. 

Cross-Jit. 218. In fact, the curve in the first diagram of Reis’s 
lecture represents only the two characteristics of sound — pitch and 
loudness ? 

Ans. On the contrary, it represents quality as well, though Reis 
makes no allusion to this. 

Ovoss- Int. 219. The only fair inference from this answer is. that 


you intend the Court to understand that quality is a characteristic 


of sound distinct from pitch and loudness. Is such your real 
opinion ? 

Ans. Itis. Two sounds may have the same pitch and the same 
loudness, but have very different qualities. 

Cross-Jnt. 220. Referring now to this first diagram of Reis’s lec- 
ture, what element in it represents loudness ? 

Ans. The maximum ordinate. 

Cross-[nt. 221. And what represents pitch ? 

Ans. The distance between the two successive crests of the 
curve, or the distance from a to the second point to the right at 
which the sinuous line intersects the straight line @ b. 

Cross- Int, 222. And what you have called “quality ” is repre- 
sented by what in that curve ? 

Ans. By the form of the curve ; that is, by the sinuous line itself 


as a whole. 


¢< 
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Cross-Int. 223. Does not the length of each of the ordinates of 


the curve depend upon the intensity of the vibration at the instant of 


. 


time corresponding to such ordinate: 

Ans. <As this curve is constructed, it represents simply conden- 
sations and rarefactions in the air. Each of the ordinates repre- 
sents therefore only the excess or diminution in density as compared 
with the normal density of the air. I do not understand precisely 
what you mean by “intensity of the vibration at the instant of time 
corresponding to such ordinate.” If you mean velocity of the mov- 
ing air particle at that instant, I should say that the amount of con- 
densation or rarefaction was dependent upon the relative velocity of 
neighboring air particles, or of the same particle at successive instants 
of time. 

Cross-Int. 224. Does not what you denominate “the ferm of the 
curve” depend upon the amplitude of the vibration at each successive 
instant of the entire time occupied by the vibration which the curve 
represents ? 

Ans. The form of the particular curve constructed as explained 
by Reis, shows simply the variation in density of the sound wave 
from point to point along its length. The mode in which the density 
varies, of course depends upon the way in which the particle varies 
its speed from instant to instant, and hence in one sense depends 
upon the variation in distance, from instant to instant, of the vibrating 
air particle from its position of rest which I understand to be the 


sense In which you use the term “amplitude.” Technically, how- 


‘amplitude ” is applied only to denote the extreme 


e 


ever, the term 
length of the path of the vibrating particle. 

Oross-Int. 225. Do you understand that every sound is resolvable 
theoretically into components, each of which can be represented by a 
sinusoidal curve ? 

Ans. Every sound can thus be resolved, except when the sound 
is a simple one and is represented by a single sinusoidal curve which 
is incapable of any further resolution. In some cases, as, for 
example, a noise of brief duration, only a portion of the sinusoidal 
component curves might exist. 

Cross- fit. 226. Will you state briefly what a sinusoidal curve is. 
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Ans. It is a curve in which, if the abscissa represents an are, 
the corresponding ordinate will represent the sine of that are. 

This definition will be made more clear from a consideration of the 
way in which such a curve may be constructed, and I will, therefore, 
quote from a foot note on p. 34 of Ellis’s Translation of Helmholtz’s 


Sensations of Tone, London, Edition of 1875: 


means of the construction in Fig. 10. Suppose a point to describe 
the circle of which ¢ is the centre, with a uniform velocity, and that 
an observer stands at a considerable distance in the prolongation of 
the line e/, so that he does not see the surface of the circle, but 
only its edge, in which case the point will appear merely to move up 
and down along its diameter ab. This up-and-down motion would 
take place exactly according to the law of pendular vibration. To 
represent this motion graphically, by means of a curve, divide the 
leneth eg, supposed to correspond to the time of a single period, 
into as many (here 12) equal parts as the circumference of the circle,. 
and draw the perpendiculars 1, 2, 3, ete., on the dividing points of 
the line eg, in order, equal in length to and in the same direction 
with, those drawn in the circle from the corresponding points 1, 2, 3, 
etc. In this way we obtain the curve drawn in Fig. 10, which agrecs 


“2. The law of these vibrations may be popularly explained by 


) 
in form with that drawn by the tuning fork, Fig. 6, p. 30, but is of a 
larger size. 


Mathematically expressed, the distance of the vibrating point from 
its mean position, at any time, is equal to the sine of an are propor- 
tional to the corresponding time, and hence the form of a simple 
vibration is also called the curve of sines.” 


The curve generated in this manner is a sinusoid. 


Cross-Int. 227. The needle receiver of the Reis telephone is an 
electro-magnetic instrument, is it not? 


Ans. Its. 


re. 
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Cross-Int. 228. If a diaphragm carrying an armature of induc- 
tive metal were presented to the pole of Reis’s needle receiver, 
would the instrument then become substantially the same, so far as 
regards the general principle of its construction, as the receiver 
shown in Fig. 7 of Bell’s first patent ? 

Ans. I should think that it would. 

Cross-Int. 229. Is it your idea that with a cireuit-breaking 
transmitter in which the electrodes separate with each full vibration, 
the receiving magnet returns at each vibration substantially to a 
state of magnetic rest? Assume further that the vibrations of the 
transmitter are such as would be produced by the sounds of the 
human voice in ordinary speech. 

Ans. I think that it does. By “a state of magnetic rest,” I un- 
derstand a condition in which the magnetism is not changing from 
instant to instant. 

Cross-Int. 230. Is it your idea that when the electrodes of a cir- 


cuit-breaking telephone separate when the instrument is acted on by 


the sounds of the human voice, the magnet of the receiver returns 


substantially to its normal magnetic or molecular condition? By 
“normal” condition, I mean of course its condition at the time 
when the transmitter is at rest. 

Ans. Certainly not. When the transmitter is at rest the current 
is flowing and the needle is strongly magnetized. Immediately 
upon breaking the circuit the magnetism falls off abruptly. 

Oross-Int. 231. Is it your idea that with each vibration of a 
circuit-breaking transmitter, assuming the electrodes to separate 
with each full vibration of the diaphragm, the receiving magnet is 
entirely demagnetized or substantially so? 

Ans. Not entirely demagnetized, unless the iron is exceedingly 


soft, or the break somewhat prolonged. The magnetism always 
however falls off very abruptly, and to a notable extent. 

Cross- Int, 232. My object was not to learn whether the magnet- 
ism falls off “ abruptly,” but to what extent the demagnetization will 
be carried, assuming the breaks to occur with a frequency corres- 
ponding to the number of full vibrations characterizing human speech. 

Ans. I cannot state by what percentage the magnetism falls off 
under these circumstances, because it depends upon the duration of 
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the breaks and upon the hardness of the needle, as well as upon its 
size; but if the iron is soft and the needle small, the magnetism falls 
off toa small fraction of its maximum value with very great rapidity. 

Cross- Int. 233. It would appear, then, that the extent of the 
demagnetization of the receiving magnet depends in part upon the 
duration of the break ; will the loudness of the click consequent upon 
the break also depend, for any given instrument and any given 
strength of current, upon the duration of the break ? 

alns. The loudness of the click I think depends more upon the 
suddenness with which the break is made, and the consequent 
abruptness with which the magnetism falls off, than upon the dura- 
tion of the break. I am not prepared to say, however, that com- 
paring excessively brief breaks with longer ones, the loudness of the 
click is entirely independent of the duration of the break. 

Cross-Int. 234. I judge by this that in your opinion the dura- 
tion of the break is a material factor, though not the most material 
one, in determining the loudness of the reproduced sound ? 

Ans. I do not think that moderate or even very considerable 
differences in the duration of the break materially affect the loud- 
ness of the click. That is, considering simply the matter of dura- 
tion of break entirely apart from variations in its abruptness, I do 
not believe that there would be any considerable difference in the 
loudness of the click whether the break lasted say ,73,5 or zohog of 
a second. Very likely there would be a considerable difference tf 
the breaks considered were ;,‘,, and 29 jJo9, of a second, respec- 
tively, in duration, 

Uvoss-Int. 235. ‘Take such breaks as would occur if the circuit- 
breaking instrument that we are talking about were actuated by 
the tones of the human voice in ordinary speech. Under these cir- 
cumstances would the loudness of the click of the receiving magnet 
be dependent upon the duration of the breaks ? 

Ans. Under these circumstances I should think that the differ- 
ences due to greater or less abruptness in the break, according as 
the vibrations were more or less rapid, would almost entirely mask 
any effects which might otherwise be produced by simple differences 


in the duration of the breaks. Setting this matter of abruptness 


aside, however, I do not imagine that in the ordinary operation of 
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such a circuit-breaking transmitter there would be any material 
differences in loudness, coming simply. from such differences in 
duration of the breaks that would occur. 

Cross-Int. 236. What, in your opinion, would be “ material” 
differences in loudness ? | 

Ans. Differences which would give an evident difference in the 
loudness of the note produced when the clicks succeed each other 
so rapidly as to give a continuous sound, or differences which seem 


considerable to the ear when only a single click is produced. 
| Adjourned. | 


DECEMBER 6, 1886, 2.15 P. M. 


Orvoss- Int, 237. [fit should appear that in the operation of the 


original Reis instruments there were, in fact, material variations in 


the loudness of the sound produced by the receiver, to what would 
you attribute such phenomenon if not to variations in duration 
of the break of the circuit ? 

Ans. I should be inclined to attribute them to the differences in 
the rapidity with which the break was made. That is, to differences 
in the actual velocity with which the style forming the anvil electrode 
was moving when the break occurred. 

Cross- Int. 238. And this in turn, I suppose, would depend upon 
the energy of movement of the diaphragm, and ultimately upon the 
strength of the sound wave ? 

Ans. It would depend upon the strength of the sound waves, that 
is, upon the amplitude of the vibrations of the diaphragm, and also 
upon the pitch of the sound, and upon the quality of the sound as 
well. 

Cross- Int. 239. Then, as I understand you, whatever variations 
in loudness are observable in sounds reproduced in a Reis telephone 
operating as Reis intended his telephone to operate, are dependent 
ultimately, for any given pitch, upon the amplitude of the vibration 
of the transmitting diaphragm and the quality of the original sound ? 

Ans. I suppose that they are dependent upon these, but not, 
héwever, proportional to them. 

Cross- Int. 240, Do you then disagree with Reis in his statement 


of the matter, who, as I understand it, asserts, first, that the inten- 
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sity of the reproduced tone is proportional to that of the original 


one, and who also asserts that these variations in intensity or loud- 


ness are dependent upon the duration of what you call breaks ? 
I quote the particular portion of Reis’s lecture to which I allude 


which is as follows :— 

“ The intensity also of this tone [the sound given off by the re- 
ceiver] is porportional to that of the original one, for in proportion 
as this is more intense, the motions of the membrane are greater ; 
the motions of the hammer, also, and finally, the time during which 
the circuit remains open, is greater; and consequently, up to a cer- 
tain limit, the motions of the atoms in the reproducing wire are 
ereater, we perceiving them as greater vibrations, in just the same 
way as we would have perceived the original sound wave.” 

Ans. Ido not think that Reis is correct in the statements which 
you quote. 

Cvoss- Int. 241. How rapidly is it necessary that separate and dis- 
tinct sounds shall succeed each other in order to produce upon the 
human ear the sensation of a continuous sound ? 

Ans. That varies a good deal with the nature and violence of 
the impulse. About sixteen double vibrations a second is the limit 
usually assigned. 

Cross- fnt. 242. Givenaseries of separate and distinct sounds of 
the same pitch succeeding. each other with such rapidity as to pro- 
duce upon the ear the sense of a continuous sound, would variations 
in the loudness of such separate sounds be manifest in the effect pro- 
duced upon the ear; and, if so, in what way ? 

Ans. You have asked a question which involves one of the most 
perplexing and disputed points in modern acoustics. Undoubtedly 
such periodic variations in the strength of the impulse will produce 
variations in the resulting continuous sound. The nature of these 
variations would vary considerably, according to the nature of the 
separate impulses, and the mode of variation in their intensity. 

Cross- Int. 243. How many vibrations per second will the dia- 
phragm of a telephone transmitter make when subjected to the sound 
of the human voice in ordinary speech ? 

Ans. That.depends of course upon the pitch ef the voice. Per- 
haps about two hundred vibrations per second is a fair number to 


mention. 
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Cross- Int. 244. This would be the case with a Reis transmitter 
as well as with a Blake transmitter ? 

Ans. It will. | 

Cross-Int. 245. What is the necessary minimum range of move- 
ment of the diaphragm of a telephone transmitter when engaged in 
transmitting speech ? 

Ans. I cannot say; except that it may be very small. 

Cross-Int. 246. What do you mean by “ very small”? 

Ans. My idea is quite as indefinite as my expression, so that I 
do not believe that without experiment I can answer the question. 

Cross-Int. 247. Do you conceive it possible to transmit speech 
with a microphone transmitter whose diaphragm is made of iron one 
fourth of an inch in thickness ? 

Ans. I have never tried the experiment; but I think it quite 
possible that speech could be thus transmitted. 

Uross-Int. 248. The air particles when performing sound vibra- 
tions move through a range of, approximately, the one ten millionth 
of a centimetre ? 

Ans. That is a result reached by Rayleigh who is one of the 
highest authorities on sound; and is the best information we have 
on the subject. 

Oross-Int. 249. What fraction of an inch ts this? 

dns. A centimetre is alout ten twenty-fifths of an inch; so that 
the magnitude measured by Rayleigh is about one twenty-five mil- 
lionth of an inch. 

Cross- Int. 250. Can you give the Court any idea of the amount 
of deflection that would be produced in a telephonic diaphragm made 
of iron one quarter of an inch in thickness by the impingement upon it 
of air particles vibrating through a range of one twenty-five millionth 
of an inch? 

Ans. No definite idea, in the absence of any experimental measure- 
ment. The setting up of such vibrations however is not so startling 
a matter as might be inferred from the question, since the number of 
these molecules is almost innumerably great, and the diaphragm is 


set into motion by sympathatic vibration, in which asmall impulse 


frequently repeated is capable of producing marked effects. 
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Oross- Int. 251. What is the size and weight of the air particle of 
which you discoursed in your direct testimony ? 

Ans. ] dg not know. 

Cross- Int. 252. In what sense have you used the term “air particle ” 
in your testimony ? 

Ans. As meaning simply an exceedingly small mass of air. 

C'ross-Int. 253. Define “exceedingly small” as you use it. 

Ans. Ihave not attached any definite numerical significance to 
the term, nor is it customary or necessary to do this in acoustic In- 
vestigations. It is perhaps a quantity of the same order of magni- 
tude as the amplitude of its vibration. 

Cross-Int. 254. In the case of an ordinary telephone transmitter, 
such as the Blake, what is the extent of the vibration of the 
diaphragm, when acted upon solely by the air particles moving 
through their range of one twenty-five millionth of an inch ? 

Ans. Professor E. W. Blake’s curves referred to in my answer to 
Int. 12, give a magnification to the vibrations of something over one 
hundred. That would give for certain of the moderate vibrations of 
the diaphragm an amplitude of about one eight hundredth of an inch. 
I cannot say what the length of the path of the vibrating air particles 
Was in this case, since the vibrations were produced by the human 
voice, instead of by a whistle as in Rayleigh’s experiments: but the 
order of magnitude in the two cases is of course the same. 

Cross-Int. 255. Did Blake make his experiments with a contact 
transmitter or a magneto instrument ? 

Ans. He used a diapbragm only, which I believe was the dia- 
phragm of a magneto Instrument. 

Cross-Int. 256. Then, as I understand you, the vibrations, 
which Blake’s diagrams constitute a record, were not the vibrations 


of a diaphragm which was at the time actually transmitting, or em- 


ployed as part of an apparatus which as a whole was transmitting, 


/ 


speech 

Ans. They were not. 

Uross-Int. 257. Do you know with what tone of voice Blake 
spoke to his diaphragm ? 

Ans. Ido not recollect as to this, but probably in a loud tone. 


(‘ross-Lnt. 258, Why probably in a Joud tone?” 
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Ans. Because if one wished to get clearly marked effects with 
an apparatus like that of Blake’s he would naturally use a loud tone. 

CUross-lat. 259. Louder than in talking to an ordinary Blake 
transmitter ? 

Ans. Very much louder. If you desire, I will refer to the 
original article by Prof. Blake, who probably states the matter with 


more detiniteness than I recolleet it. 


| Lhe mitNeSS IS requested to do so and report at the next Session. | 


Cross-Int. 260. Do you know what was the position of Blake’s 
mouth in relation to the diaphragm at the time of performing the 
experiments ? 

Ans. I suppose that it was very near to the diaphragm. 

Cross-/nt. 261. So near that the diaphragm may have been 
affected not only by the action of the air particles due to their infin- 
itesimally small sound vibrations, but also by the impact of a mass 
of air forced against it by the muscular action of the organs of 
speech ? 

Ans. Undoubtedly. This always occurs in telephonic transmis- 
sion. There are some apparent traces of itsh own in Prof. Blake’s 
curves. 

Cross-Int. 262. Blake, then, was not endeavoring to obtain a 
recoid of the movement of the diaphragm of a telephone when em- 
ployed in the transmission of speech ? 

Ans. As I understand the matter, he was endeavoring to ascer- 
tain the manner in which a telephone diaphragm vibrated under 
those circumstances. He found it more convenient to experiment 
with the diaphragm in the absence of the other portions of the appa- 
ratus, and assumed, undoubtedly with correctness, that the mode 


and the extent of the vibration of the diaphragm were substantially 


the same with the disk as he employed it, as in the transmitting tele- 
phone itself when transmitting speech. 

Cross-Int. 205. Had he, however, the right to assume that “the 
roode and the extent” of the vibration of the diaphragm would be the 
same when he spoke to it “very much louder” than it would be 
spoken to when employed in the actual transmission of speech ? 

Ans. He did not assume this. Of course if he used a louder 


(N. J. McDonouGn) 
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tone of voice in his experiments than is used in the transmission of 


speech, the vibrations of the diaphragm will have a greater ampli- 


tude, but with the magneto telephone whose diaphragm, if I recollect 
rightly, Prof. Blake used, it was not infrequent to employ a very 
loud tone of voice, much louder than is usually employed with such 
a microphone transmitter as the Blake. 

Cross-d/nt. 264. Then the Blake diagrams are not a record of the 
extent or range of the vibration of the diaphragm of a contact 
transmitter when transmitting speech, which was the thing inquired 
about in Cross-Int. 254? 

Ans. Not of a Blake transmitter as it is ordinarily adjusted, 
since that is too sensitive to allow of the use of a very loud tone of 
voice. I mentioned these results of Blake’s in order to give an 
approximately correct numerical answer to the question asked, and 
the only other data which I had seen were not at hand. Perhaps, 
for tones of average intensity, three quarters or one half of the 
amount that I mentioned would be a suitable estimate for the con- 
tact transmitter as ordinarily employed, but this is simply an 
estimate. 

| Adjourned. | 

DECEMBER 7, 11 A. M. 

Cross-Int. 205. In your direct testimony, in answer to Int 49, 
you spoke of certain experiments with a Blake transmitter, in 
which you clamped the electrodes together. When speech was trans- 
mitted with the electrodes in this condition the result depended upon 
the movement of the electrodes relatively to each other, did it not ? 

Ans. It did. 

Cross-Int. 266. Now, can you give the Court any idea as to the 
maximum movement of the diaphragm relatively to the anvil electrode 
when the parts were thus clamped ? 

Ans. J cannot say definitely, as I did not attempt to measure it. 

Ovross- Int. 267. What is the best estimate that you can give? 

Ans. An estimate would be only a guess, as I do not recall any 
experiments of my own which would enable me to answer the ques- 
tion numerically ; and I do not know of any experiments by others 
bearing upon the point. 

Oross-Int. 268. Take an ordinary Blake transmitter, do you 
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know what is the maximum relative movement of the two elec- 
trodes when the instrument is transmitting speech ? 

Ans. Ido not. 

Cross- f[nt. 269. Do you know of any method of measuring the 
relative movement of these parts ? 

Ans. ‘There are several methods which could be employed for 
this purpose, and which have been used for the solution of very 
similar problems. One of the methods that I refer to is known as 
the stroboscopic method of observing moving bodies. Another 
method, involving the use of the microscope, I have referred to in 
my answer to Int. 48. 

Cross- Int. 270. Can you state the maximum relative movement 
of the electrodes of a Blake transmitter away from each other which 
can occur without the electrodes actually separating ? 

Ans. I cannot. | 

Cross-Int. 271. Would they separate if the movement were as 
much as the one-thousandth of an inch ? 

Ans. I think it probable that they would, but am not absolutely 
certain that this would necessarily be the case. 

Cross-lit. 272. You have frequently used a magneto transmitter ; 
that is, a transmitter operating by variations in the electro-motive 
force ? 

Ans. I have. 

Oross- Int. 273. Have you ever found that the reproduction of 
speech by means of such an instrument was materially interfered with 
if the mouth of the speaker was placed too close to the diaphragm ? 


Ans. I never found any special trouble from this, although I 


know that the best results are obtained with such an instrument by 


speaking in a full, clear tone of voice rather than by shouting. 


Also, one must not mutile his voice by pressing the mouthpiece of 


the instrument too closely against the lips. 

Cross-Int. 274. When you transmitted speech with a Reis tele- 
phone, how did you speak to the instrument ? 

Ans. I have never been able to transmit speech by the Reis 
transmitter, even though using a Bell magneto as a receiver, except 


gently to the transmitter so ns not to cause it to 


< 


by speaking very 


act as a cireuit-breaker. 


ahd IP Nn ame tate on 
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Cross-lit. 275. Could you in your experiments tell, by watching 
the electrodes, whether they broke contact ? 

Ans. I could, by watching the electrodes, tell whether they broke 
contact habitually or not. 

Oross-Int. 276. Did you ever experiment with the Reis trans- 
mitter by speaking down upon the diaphragm instead of into the 


mouthpiece ? 


Ans. I have. 
Oross-Int. 277. With what result, as compared with that obtained 


when you spoke into the mouthpiece? 

Ans. Ido not distinctly recollect any great difference. My im- 
pression is that it was more difficult to keep from breaking the 
circuit when the mouthpiece was used than when it was not used, 
but Iam not certain how much my impression is due to the direct 
results of experiment, how much to inference, and how much to 
what I have seen others do or read of their doing. 

Cross-Int. 278. When you spoke “very gently ” to the Reis in- 
strument, how far away could your words have been heard by others 
in the same room ? 

Ans. Icannot say. That would of course depend a good deal 
on the size of the room, but I sbould think they might have been un- 
derstood, in a quiet room, ten or twelve feet away, or, very likely, 
considerably more, 

Cross-Int. 279. lave you ever experimented with a Reis tele- 
phone in which one of the electrodes was carbon ? 

| Objected fo as competent and inadimissthle, on the ground that 
there is no evidence that a Lets telephone ever had a carbon electrode, 
and on the further ground, that uf a carbon electrode were introduced 
into such an apparatus, it would cease to bea Peis felephone. | 

Ans. I have not. 

Cross-Int. 280. What, in your opinion, would be the effeet upon 
the capacity of a Reis telephone of substituting carbon electrodes for 
those shown Iny Reis 7 

Ans. Inasmuch as earbon is one of the worst substances known 
for use in a circuit-breaker, while platinum is perhaps the best; the 
effect of such substitution would doubtless be to diminish the capacity 


of the Reis transmitter to operate in the manner described by Reis. 
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Cross- Inf. 281. Do you then think that if the triangular anvil 
electrode of Reis’s cubical box transmitter were made of carbon, its 
weight remaining unchanged, the instrument would thereby be ren- 
dered better adapted for the transmission of speech ? 

Ans. I think that it would. 

Cross-Int. 282. Why? 

Ans. Because a microphone in which one of the electrodes is of 
carbon is more efficient than a microphone in which both electrodes 
are of platinum. 

[ Recess. | 

Ovoss-Int, 283. Please explain why. 

Ans. Because with the substance carbon there Is a greater 
variation of resistance for a given variation in pressure, the normal 
pressure being the same, than with platinum. Also the simple 
proportionality between the variation in resistance and the variation 
in pressure extends through a greater range with carbon than with 
platinum. 

Cross-Int. 284. Is it known why a given variation of pressure 


will produce a greater variation of resistance in the case of carbon 


than in the case of platinum ? 

Ans. Not certainly. The subject has not been investigated to 
any considerable extent. 

Cross-Int. 285. Would it in your opinion be a material im- 
provement of the Reis telephone, [mean would it materially increase 
its capacity of transmitting speech, if, inaddition to substituting car- 
bon for one of the platinum electrodes, a metallic diaphragm were 
to be substituted for that shown by Rels? 

Ans. Undoubtedly both of these departures from the construc- 
tion of the transmitter as described by Reis, better adapt it to em- 
ploy the mode of transmitting speech invented by Mr. Bell. 


(ross- Int. 286. Would the Reis transmitter, altered as indicated 


~~ 7 


in the last question, make a practical instrument for transmitting 


speech ? 
Ans. I think it probable that you could transmit speech by 


means of it experimentally, but doubt if it could be used commer- 


cially. 


f 
j 
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Cross-Int. 287. If there were no better telephone in existence 
do you think that it could not be used commercially ? 

Ans. Perhaps it might for some special purposes, and to a limited 
extent. 

Oross- Int. 288. Would it not be as good for commercial purposes 
as the instrument shown in Fig. 7 of Bell’s first patent, if the latter 
were made of the proportions indicated in said figure, and with a 
membrane diaphragm ? 

Ans. Very likely it would be if we were limited to the use of the 
membrane diaphragm in the Bell instrument. It would not be, how- 
ever, I think, if we made the same change in the diaphragm of the 
Bell instrument which you suggest in that of the Reis instrument. 


I am not at all certain that 1t would be in any event. 


| {// of the foregoing answer, except the first senlence, ws objected AD 


as relating foa matter not endured about. | 

Uross-Int. 289. In practice, which has been found the most ser- 
viceable cluss of telephones, the magneto instrument which depends 
on varying the electro-motive force, being the instrument shown in 
Kio. 7 of Bell’s first patent, or the contact transmitter which operates 
by varying the relation of the electrodes through which the current 
pusses ¢ 

Ans. As a transmitter, the microphone, when employed, as is 
customary, with an induction coil, has been found to produce louder 
effects, and is in that sense more eflicient than the magneto-trans- 
mitter. 

Cross-fnt. 290. Is the microphone instrument the one that is 
generally used commercially ? 

Int. It is. 

Cross-Int. 291. According to your idea the microphone trans- 
mitter was invented subsequent to Mr. Bell’s invention as set forth 
in his first patent? 

dns. Undoubtedly. 

Cross-Int. 292. Did the adoption of the microphone transmitter 
constitute a notable advance in the art of telephony ? 

Ans. It did. 


COross-Int. 293. Did the use of the induction coil in connection 
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with the microphone transmitter constitute a notable advance in the 
art 7 

Ans. It did. 

Cross-Int. 294. Can you have a microphone without carbon 
electrodes ? 

Ans. You can. 

Oross-Int. 295. Did the use of carbon electrodes constitute a 
marked improvement in the art of telephony ? 

Ans. The first microphones which were employed, otherwise 
than experimentally, used carbon electrodes. If metallic electrodes 
had previously been used in microphonic telephone transmitters, it 
would have been a marked improvement to replace them by carbon 
electrodes. Of course it is not necessary, nor indeed desirable, to 
have both electrodes of carbon. 

Ovoss- Int. 296. Referring to your experiments with the Blake in- 
struments as described in your answer to Int. 49, do you understand 
that the presence of the sparks was proof that the circuit was broken ? 

dns. Ido. 

Cross- Int. 297. Is there no other theory on which the sparks 
could be accounted for ? 

Ans. Ido not know how else to account for them under the cir- 
cumstances of those experiments. 

Cross-Tnt. 298. Then if a contact transmitter were giving off 
sparks continuously during the vibration of the diaphragm under the 
action of sound waves, this would be proof to your mind that the cir- 
cuit was being continuously interrupted ? 

Ans. Ishould conclude that it was interrupted at the instant that 
each spark occurred. I assume, of course, that there are actual 
sparks, and not a mere bringing an electrode to slight incandescence, 
without parting contact, which I have known to be mistaken for a 
spark. 

Uross-Int. 299. Wherein, otherwise than in degree, does an ac- 
tual spark differ from this incandescence of the electrodes ? 

Ans. In the incandescence of the electrodes the material of the 
solid electrode itself, through which the current Is passing, is ren- 


dered hot by the direct passage of the current. In the case of the 
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spark, the incandescent matter is volatilized and torn violently away 
from the electrodes themselves. 

Cross-Int. 300. It seems then to be a matter of degree depend- 
ent upon the extent to which the electrodes move in opposite direc- 
tions ? 

The spark will not be produced unless the electrodes part 


It is different, however, in the phenomena accompanying 


Ans. 
contact, 
it, and in its laws of action, from the incandescence of the solid elec- 
trodes when a strong current passes through them. 

Cross- Int. 301. Can you always distinguish by the sight between 
sparks arising from excessively minute breaks of contact of the elec- 
trodes, and the incandescence of the electrodes as they approach the 
point of separation ? 

Ans. Their appearance is quite different, and while I will not say 
that in every particular case the unaided eye would so certainly dis- 
tinguish them that it could never be mistaken, yet there is in general 
no difficulty, and there are various appliances which would enable 
us to determine, if we were otherwise in doubt. Thus by the mi- 
CYrOSCOpe, the revolving mirror, or the stroboscope, We might solve 
the question. 

Cross- Int, 302. Might you not have a spark produced without an 


actual break of contact between the electrodes, as, for instanee, if 


vou assume the number of points of normal contact between the 


electrodes to be one thousand, and these are suddenly redueed, by 


the vibration of the parts, to two? 

Ans. The production of sparks has universally been recognized 
as occurring only on a separation of the electrodes. I do not think 
that a spark would be produced even in the extreme case which you 
mention. 

Oross- Int. 8038, IT understand you to say, in answer to Cross-Int. 
168, that in Reis’s bored block transmitter “the break of contact 
lasts from the bezinning of the rarefaction until the middle, or nearly 
the middle, of the next condensation.” Why do you say until 
“nearly the meddle” of the next condensation 7 

Ans. Jassumed in that reply that the wire ¢ came in contact with 
the strip of metal at about the middle of the condensation, and that 
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d was pushed back a slight distance; that soon after the rarefaction 


occurred contaet was broken until at the next condensation contact 


was made at or about the middle point. If I were to substitute abouts 
for nearly in my answer to Cross-Int. 168, the idea which [ had in 
mind would be more clearly expressed. I think, however, on further 
consideration of the matter, that my assumption is a somewhat arbi- 
trary one, and that the break was probably longer than I inferred. 

OCross- Int. 8304. Why did you assume in answering Cross-Int. 
168 that the wire d came in contact with the strip of metal consti- 
tuting the hammer electrode “ at about the middle of the condensa- 
tion”? 

Ans. I suppose that when I was asked the question, I in some 
way inferred this from the statement of Reis. On reading it over 
again I see that his words do not imply this, and I am at a loss to 
understand my precise train of thought when that answer was given. 
What Reis really indicates is, that when the rarefication occurs the 
current is broken and remains so until the next condensation again 
brings the electrodes into contact. This, I should think, would indi- 

‘ate a greater duration of the break than I had in mind when [ an- 
swered Cross-Int. 168. 

Reis’s words are as follows : — 

* At the first condensation the hammer-like wire d is pushed back ; 
at the rarefaction it cannot follow the retreating membrane, and the 
current traversing the strips remains broken until the membrane, 
forced by anew condensation, again presses the strip (proceeding from 

p) against d. In this way each sound wave causes a breaking and 
a closing of the current.” 
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Cross-int. 305. Do you understand that this langhkage of Reis 
when interpreted in the light of the context, and also in the light of 
the report of Reis’s lecture, as published in the Prankfurter Conversa- 
tionsblatt of Nov. 29, 1861 (in which the strip which carries the 


wire dis spoken of as an “elastic strip”), implies that when the wire 


d is once pushed back it remains absolutely stationary, or only that 
it cannot follow the retreating membrane in the sense of keeping up 
with it? 

: Ans. Reis does not say that the wire d is elastic, and, as far as 


(N. J. McDonouGH) 
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his language shows, one would infer the contrary. The statement 
regarding the operation of the instrument in the /’rankfurter Conver- 
sationsblatt is as tollows :—“ As soon then as the sound waves set 
the membrane in vibration, the elastic strip of metal fastened to the 
same will make the same vibrations, will alternately rise and fall, 
thereby touching the other elastic strip, and so making and breaking 
the current.” 

The italics are mine, 

[ do not see that in the last statement any operation of the strip 
forming the anvil electrode, which is dependent upon elasticity is 
indicated. It seems to state only that the strip is touched at inter- 
vals, which gives the same idea as that derived from the statement 
of Reis which Ihave quoted. I should infer from the deseriptions, 
that the wire d could follow only very slightly the retreating mem- 
brane, so that the contact was broken except during a comparatively 
small fraction of the vibration. 

Cvoss- fat. 306. Then it is your belief, is it, that in Reis’s bored 
block transmitter the elasticity of the strip carrying the wire d 
(which characteristic of the strip seems to have been specially 
referred to by the reporter of Reis’s lecture, when he described it as 
an elastic strip) performed no function whatever ? 

dns. My belief is that if the instrument operated in the manner 
described by Reis, no material effect was produced in virtue of the 
elasticity of the strip. That is, if a rigid inelastic strip had been 
used, the function of the strip as the anvil electrode of a cireuit- 
breaker would still have been performed. The use of having it 
elastic, as far as I see, would be to prevent its being bent if pushed 
back by the vibrating membrane, in which ease none but strong 
vibrations of the membrane would operate to close the circuit. 

Oross-Int. 307. Was it not absolutely essential, even to Reis’s 
method of operating the instrument, as you understand the same, 


that the wire @ be mounted upon a strip of such elasticity that if 


pushed back by a “ strong vibration” of the diaphragm, it would, by 


virtue of its elasticity, so far return towards its original position that 
the wire ¢ would not fail to come in contact with the diaphragm on 
the next succeeding vibration, even though this were a weaker 
vibration, and therefore of less amplitude ? 


Ans. Doubtless; but the wire d might be mounted upon such a 
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heavy and so rigid a strip that it would not sensibly be pushed back 
by the strongest vibration employed, in which case the imstrument 
would work perfectly well. Every strip, however, will practically 
possess a certain amount of elasticity, and would probably answer 
the requirements of your question. 

| All of the foregoing answer, after the first word, objected to as 
introducing into the discussion a hypothesis not referred: to in 
the questioe, and one which is directly at variance with LBeis’s own 
instructions, tn that he requires the strip to be such that it can be 
pushed hach by the action of the diaphragm. | 

| Adjourned | 

DECEMBER 9, 11 A. M. 

Cross- Int, 308. Referring to your description of the electric 
spark in ans. to Cross-Int. 299, is it your idea that the current is ac- 
tually passing between the electrodes during the time of the spark? 

Ans. IT understand that the spark is produced at the moment of 
rupture of contact. At that instant the current is broken and dics 
away with exceedingly great rapidity. The actual duration of the 
spark, that is, the period during which the particles whose incandes- 
cence gives the heht continue to glow, is also excessively brief. 
Which is the longer of the two depends upon various conditions of 
the current and the circuit. 

Cross- Int. 309. Can there be a spark without an actual passage 
of current between the electrodes after they separate ? 

Ans. There can certainly be a spark such that we can detect no 
passage of the current after the electrodes separate. Whether there 
is any passage of current so feeble or so brief in duration that we 
ean not detect it though it nevertheless exists, I cannot say. It is 
is possible that when the electrodes are out of physical contact by an 
excessively shght distance, some current may yet pass. 

Oross-Int. 310. Is not the spark the result of the action of the 
current upon the electrodes consequent on their separation ? 

Ans. In one sense it is. The spark, however, is analogous 
rather to the disruptive discharge, as it is called, such as you get 


when an ordinary Leyden jar is discharged The character and 


laws of the spark discharge are quite different from those of the 


current. 
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Cross-Int. 311. Probably you do not conceive it possible for two 
electrodes to be separated just enough to produce a spark, and then 
to be immediately reunited so as to permit the current to resume its 
normal flow, without a complete and absolute cessation of the cur- 
rent before such reunion ? 

Ans. Ihave no difficulty in imagining such an action as a mental 


conception ; but I have never seen or read of any apparatus in which 


this was done, and I think it would be extremely difficult to con- 
struct an apparatus which would do it unquestionably and success- 
fully. 

Oross-Int. 312. To your mind the development of a single 
spark between the electrodes of a contact transmitter is evidence 
that the current is absolutely broken, is it not? 

Ans. My belief is that the current does not pass between the 
electrodes when the spark is produced. Of course I cannot say 
that absolutely no current passes, but my belief is that no measure- 
able quantity passes. 

Cross-Int. 313. Would the practical effect be the same as if ab- 
solutely no current passed ? 

Ans. That is my behief. 

Cross-Int. 314. You are well aware of the fact that a voltaic cur- 
rent, and also an induced current will, under some circumstances, 
continue to pass between two electrodes which are not in contact, are 
you not? 

Ans. I am; as for example with the electric are of the are 
light. 

Cross-Int. 315. In the are light how far may the electrodes sepa- 
rate without interrupting the current? 

Ans. In some case, up to four or five inches, or even considera- 
bly more. 

Cross-Int. 316. If the electrodes of the are light can be separated 
a distance of four or tive inches without interrupting the flow of the 
current, is it not conceivable that the electrodes of a contact tele- 
phone transmitter may be separated at least to an exceedingly 
minute extent, without breaking the current ? 

Ans. It is perfectly concetvable as a mental abstraction, but I 


never have seen or heard of its being done. The reasoning from 


- — 4 vn ree SEs ‘ 29 
~ t Pvee ai ” Le? " 
. omene A ARES OIE LOLOL EE ES, 
sat PEP GOT > NT an, Linke, baila 


oe 


DEPOSITION OF CHARLES R. CROSS. POU 


the electric are to the electric spark, and inferring that because 
under certain conditions with a strong current one can produce a 
considerable separation of the electrodes without breaking the cur- 
rent, he can, therefore, under quite different conditions and with a 
weak current produce a slight separation of the electrodes without 
breaking the current, is fallacions. 

Cross-Int. 317. Then you do not deny that the electrodes of a 
contact transmitter may be separated, at least to an exceedingly 
minute extent, without interrupting the flow of the current ? 

Ans Ido not deny the possibility absolutely and without limi- 


tation. 
Cross-Int. 318. Do you know what is the electro-motive force of 


the ordinary telephonic current ? 

Ans. The total electro-motive force in the circuit is somewhere 
about one and five tenths volts. 

Uross-Int. 319. In Ans. to Cross-Int. 302, you express the 
opinion that if the contact area between two electrodes of a trans- 
mitter were to be suddenly reduced in the ratio of one thousand to 
two, by the vibration of the parts, no spark would be produced. — I 
now ask whether the effect upon the transmission of speech would be 
practically the same as if a spark were produced ; or, in other words, 
the same as if the electrodes were wholly separated, and the current 
absolutely interrupted ? 

Ans. In my opinion it would not. 

Cross-Int. 320. Speech, you think, would still be transmitted, 
notwithstanding such near approach to what you call a break ? 

Ans. I do; assuming of course that all extraneous disturbances 
are avoided. 

Cross-Int. 321. You have, in your testimony, made some refer- 
ences to “logographic” action ina telephone. Please state briefly 
what this is. 

Ans. It is the bulging in of the diaphragm due to comparatively 
slow variations in the pressure of the air against the diaphragm dur- 
ing the production of a sound, as distinguished from the very rapid 
vibrations of the sound waves. 

Cross- Int. 322. May this logographic action become such under 


any circumstances as to mask the phenomena connected with and 
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erowing out of the movements of the diaphragm due to the very 
rapid vibrations of the sound waves in the transmission of speech ? 

Ans. It might under certain circumstances. 

Oross- Int. 323. With a magneto telephone as well as a micro- 
phone instrument ? 

Ans. That might be the case, although such action would be 
much less likely to occur. 

Oross-fit. 324. Will you furnish a cut of the Blake transmitter 
with which you performed the experiments described in Ans. to 
Int. 497 

Ans. I will do so; and hereby produce it. 

| Jt is agreed that the cut be introduced into the printed record in 


connection with Ans. to Jnt. 49. | 


Cross-Int. 825. In Ans. to Cross-Int. 248 you have mentioned 


two hundred as_ being approximately the number of vibrations per 
second of a telephone diaphragm actuated by the human voice. 
That, I suppose, is the number representing the fundamental of the 
human voice? 

Ans. That is the case at the assumed pitch. 


[ Peecess. | 


Cross-Int. 326. What is the number of overtones corresponding 
to this number of the fundamental vibration ? 

ans. The vibrations of the overtones would be equal to the num- 
ber of the fundamental vibrations multiplied by two, three, four, 
five, and soon. That is, to four hundred, six hundred, eight hun- 
dred, one thousand, ete., vibrations. 

Cross- Int. 327. ‘Then, in the ordinary sounds of the human voice, 
the vibrations corresponding to the overtones greatly exceed in num- 
ber those corresponding to the fundamentals ? 

Ans. They do. 

Cross- Int. 328. Numbering, in the case of most sounds, some 
thousands per second ? 

Ans. I should think some of the overtones would usually be at 
least as high as this. 

Cross-Int. 829. Now, can you state how many of these vibra- 


tions, or of the partial tones resulting therefrom, can be obliterated 


Ni oS RE i hk insu Com Pa a : 
= A en st ae ~ 


DEPOSITION OF CHARLES R. CROSS. 211 


in the case of human speech without rendering the speech unintel- 
ligible ? 

Ais. I cannot definitely. Doubtless, some of the overtones may 
he omitted without causing the speech to become unintelligible. 

Cross- Int. 330. Inthe last paragraph of your answer to Int. 48 
you say, italics mine :— 

“T am sure that it is impossible for any instrument tobe so ideally 
perfect as to reproduce the sound with absolute and mathematical fi- 
delity, and therefore I consider that the method” [that deseribed in 
the fifth claim of Mr. Bell’s patent, No 174,465] “is substantially 
employed whenever articulate sounds which are recognizably the 
same as those spoken into the transmitter are produced at the re- 
ceiver by the employment of current variations (caused by the voice) 
which are recognizably similar to the sound waves, and which, 
though fo some extent nusshapen, deformed, “nijpured, disturbed. aeak- 
ened or lost, yet produce the same result by reason of so much of the 
true form as is created and preserved ; because in such case the speech 
is transmitted by reason of the articulating undulations, and in spite 
of the imperfections thereof.” 


Do you then hold that it 1s the amount of the deformation or loss 
which the form of the vibration undergoes in a telephonic apparatus, 
rather than the faet that there is some deformation or loss, that 
proves destructive to the reproduction of speech, and thus puts any 
given apparatus outside the fifth claim of Bells first patent ? 

Ans. I understand that an apparatus, to embody the invention 
set forth in that claim, must secure whatever transmission of speech 
is secured, by the production and utilization of electrical undulations 
similar in form to the air waves. Even though this simliarity is im- 
perfect I should consider the method to be employed when speech is 
transmitted in virtue of the similarity that exists, rather than in 
virtue of such dissimilarity as exists. Doubtless it is the amount of 
the deformation or loss, rather than the facet that there is some de- 
formation or loss, which proves destructive to the reproduction of 
speech. 

Oross- Int. 831. Then it is immaterial, is it not, ow this deforma- 
tion or loss occurs, provided it be not too great ? 


Ans. If I understand the question correctly, you assume the 


transmission of speech by the production and utilization of electrical 


undulations similar to the sound waves, and that there is produced 
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In some way not stated, some deformation or loss which impairs the 
similarity of form only to so slight an extent as not to seriously in- 
terfere with the transmission of speech, and merely inquire 
whether the mode in which this deformation is produced is material. 


I do not see that it is. 

Cross-Int. 832. In your Ans. to Int. 21 you say, the italics be- 
ing mine, “Any departure from similarity ” [ between the form of the 
electrical undulations and the form of the sound waves | “ umpairs the 
character of the speech to the extent to which it occurs, and when that 
departure or any extraneous disturbance reaches a certain point the 
sounds at the receiver cease to be intelligible as speech.” 

What is the “certain point” to which you thus refer.” 

Ans. ‘The expression is not a mathematical one, and cannot be 
accurately stated. The truth embodied in it, however, I think is 
clear that when the departure from similarity has reached a certain 
extent speech becomes unintelligible. Precisely what extent, de- 
pends upon various circumstances, and would vary with different per- 
sons. 

Cross-Int. 333. Would the instrument be operating on Bell’s 
method up to that undefined and apparently undefinable point, and 
cease to employ Bell’s method when that point is reached ? 

Ans. So faras it operated I should think Bell’s method would be 
employed, even after the speech became unintelligible ; becanse vocal 
sounds would still be transmitted by the electrical undulations. I 


assume of course that what is heard is heard because of the similar- 


ity which remains, rather than because of the dissimilarity which 


has been introduced. 

Uross-Int. 334. Then the incapacity of a telephone to reproduce 
speech is of itself no evidence that the instrument does not embody 
Bell’s invention 7 

Ans. It does not seem to me that it is, necessarily. 

Cross-Int. 335. This I suppose would be equally true of instru- 
ments older than Bell’s date, and of those later ? 

Ans. Ido not see that the date of the instrument affects this 
question. 

Uross-int. 336. In the Dowd case case you testified as fol- 


lows. italics mine :— 
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“ Int. 34. What must a speaking telephone accomplish with ref- 
erence to the form of vibration in order to transmit articulate 
speech, or to transmit those peculiar qualities which distinguish one 
sound from another sound when all are what are called of the same 
pitch and loudness ? | 

“ Ans, The transmitter must take up from the air particles, mo- 
tions which correspond to those of the air particles themselves, and 
the receiver must reproduce these motions in all their complexity. 

“nt. 35. What characteristics must an apparatus possess In 
order to be able to accomplish this ? 

“Ans. In an electrical speaking telephone the connection be- 
tween the transmitter and receiver must be such that the latter shall 
not be acted upon merely at separate intervals, but the armature or 
other moving portion of the receiver must be constantly under the 
influence of and guided by the variations in the electrical current 
caused by the motions of the armature or other vibrating portion of 
the transmitter; and this vibrating portion of the transmitter itself 
must be able to substantially take up the complex motions of the air 
particles which act upon it...) .) The electrical circuit of the 
anstrument must always present ain uninterrupted path, by which the 
continually varying current may travel from the transinitter to the re- 
ceiver, that is, the circuit containing the battery or other source of 
electrical power, the transmitter, line wire, receiver and earth or 
return wire, must always be closed.” 

Do you still adhere to the statements contained in this last answer, 
without qualifications ? 

Ans. In giving those answers, in June, 1879, I was endeavoring 
to explain the elementary principles of a new art, and almost a new 
branch of science, and hence, confined myself to those points which 
it was essential to have understood ; making concise and definite state- 
ments, which were, as a whole, absolutely correct of a theoretically 
perfect instrument; and without attempting to point out the various 
defects which might be tolerated in practice. I had no reason to 
consider various minor points with which I was not then unfamiliar, 
but which I have studied since at great length. Inthe sense in which 
I made these statements, I still adhere to them. Of course, if I were 
considering such points as I have been led to consider in connection 
with the present deposition, while not departing from the sense of 


the statements quoted by you, I should naturally be somewhat more 


prolix in my aunswers, and call attention to various trifling limitations 


and exceptions. 
(N. J. McDonovuais) 
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Cross- Int. 337. If the air waves, generated by the action of 
a telephonic receiver, be such as to produce sounds recognizably 
similar to those uttered into the transmitter, but the electrical cur- 
rent does not consist of undulations substantially similar in form to 
that of the original sound waves, but is either intermittent or pulsa- 
tory, would Bell’s method or Bell’s apparatus be employed ? 

Ans. I should think not. 

Cross-Int. 338. Would it make any difference whether the sounds 
referred to in the last question were those of human speech or any 
other kind? 

Ans. Notso long as the current used does not consist of undula- 
tions substantially similar in form to the sound waves. 

Ovoss- fut. 339. It there should be an actual interruption of the 
telephonic circuit and current as often as once for each fundamental 
vibration of the transmitting diaphragm, would the electrical undu- 
lations of the line cease to be “ similar in form” to the sound waves ; 
and would the current become intermittent in character ? 

Ans. I should not think that it would necessarily. I should 
wish, however, to study the subject experimentally before giving a 
final opinion on this point. 

Cross-Int. 340. ‘Then, according to your present knowledge, you 
think it possible, do you not, that the telephonic cireuit may be 
broken at least once for each principal vibration of the transmitting 
diaphragm without destroying similarity of form between the electri- 
cal undulations and the air waves? 

Ans. Iam not ready to say that it is impossible under all cireum- 
stances. 

Cross- fit. 341. Then of course with your present knowledge you 
are not prepared to say that it is impossible to transmit speech witha 


telephonic apparatus in which the circuit is broken at least once for 


each principal vibration of the transmitting diaphragm ? 


Ans. I cannot say that it is impossible under all circumstances. 
Of course I understand this question, like the preceding, to bea 
broad one, and not referring to any specific apparatus. 

Oross: Int. 342. In the course of your answer to Int. 7 (p. 87) 


you have said, — 
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“With any circuit-breaking instrument, the loudness and quality 
of the sound produced at the receiving station are dependent solely 
upon the physical construction and action of the receiving instrua- 
ment itself, and of the battery or other source of electricity by which 
the transmitter is acted upon. 

"The intensity and quality of the sound produced at the receiving 
station are, therefore, with such an instrument, entirely independent 
of the intensity and quality of the original sound produced at the 
transmitting station. 


It is for this reason that an instrument of this class, such as, of 


example, the well-known Reis instrument, operating in the manner 
described,” [by which I understand you to mean the manner de- 
scribed by Reis in his lecture of 1861, and his circular of 1865] “is 
incapable of transmitting either intensity or quality, and hence is in- 
capable of transmitting articulate speech. 

* As will be seen from what Ihave already said, the Reis transmit- 
ter, or any other transmitter which operates by making and break- 
ing the circuit, is capable of transmitting pitch and pitch only.” 


Does it not follow logically from this, and do you not hold that 
the transmitter of any telephonic apparatus in which the ¢rfensity or 
loudness of the reproduced sound is not “entirely independent of the 
intensity and quality of the original sound produced at the transmit- 
ting station, ” is not a circuit-breaking instrument ? 

Ans. Ido not hold, and I do not think it follows from the state- 
ments which you quote, that an instrument ceases to be a circuit- 
breaking instrument because some variation in the intensity of the 
sound emitted by the receiver may occur when there is a variation in 
the vibrations of the transmitter. 

Cross- Int. 343. Willit then be true, as stated by you in the passage 
above quoted, that with a circuit-breaking instrument the “intensity 
and quality of the sound produced at the receiving station are 
entirely independent of the intensity and quality of the original 
sound ? 

Ans. Not in the sense which you attach to the words “ entirely 
independent,” but nevertheless true in the sense in which I use those 
words. I meant to be understood as saying that the intensity and 
quality of the sound produced by the receiver were not primarily 
dependent upon and due to, and were not chiefly influenced by, and 
hore no determinate and definite relation to the intensity and quality 


of the original sound. I certainly did not mean to state that sounds 


A itr raced ang 


—— 


216 EVIDENCE FOR COMPLAINANTS. 


of all degrees of loudness would necessarily and in all cases produce 


precisely the same loudness of sound at the receiver. In other 


words the largest variations in the intensity and quality of the sound 
produced at the receiver might take place without the slightest vari- 
ations in the intensity and quality of the original sound at the 
transmitter. 

Cross-Int, 344. In the Dowd case you testified as follows :— 


‘fut. 20. What is it that distinguishes from each other the vari- 

ous sounds produced by various instruments, such as a violin, cornet 
rr human voice, and which distinguishes these sounds from the simple 
sound of the tuning-fork, when all are of what we call the same 
pitch ? 
“Ans. ‘These differences are what are called differences in fambre 
or quality : 

“Inf. 23. What is it that distinguishes the sound of one voice from 
the sound of another voice, when they both utter the same vowel at 
the same pitch; or which distinguishes one vowel sound from another 
vowe! sound waen both are uttered by the same voice at the same 
pitch ? | 

‘Ans. These again are differences in quality of the sound in ques- 
tion. As in the preceding cases, variations in the number, pitch, 
and ‘relative intensity of the overtones present determine the quality. 

“Jnt. 24. What is it that distinguishes one syllable from another, 
In articulate speech, when both are uttered by the same voice and in 
the same pitch ? ” 

“ Ans. This same difference in quality, as explained in the preced- 


Do you still hold to the views thus and then expressed ? 

Ans. I have seen no reason for changing them. 

Cress- Int. 345. Are you familiar with the teleloge described 
the application for a patent made by James W. McDonough, April 
10, 1876? 

Ans. I believe that I am. 

voss- Int. 346. If that apparatus were so used that the arch piece 
of the transmitter would not break the circuit, would it employ Bell’s 
method as set forth in the fifth claim of his first patent? I assume 
the McDonough instrument to be transmitting speech. 

Ans. In the case supposed, as I understand it, the transmitter 
would act as a microphone, and Bell’s method would be employed. 


Cross-Int. 347. Suppose it to be used in the manner indicated in 
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the last question, but not in the transmission of speech, would it still 
employ Bell’s method ? 

Ans. I should think that it would, provided sounds were trans- 
mitted by it; assuming that under these circumstances there are 
produced electrical undulations similar to the air waves. 

[ Answer objected to as not responsive. | 

Cross-Int. 348. If McDonough’s teleloge were acted upon by 
sound waves in such a manner as not to cause the electrodes to break 
contact, would it embody Bells invention, the fifth claim of his first 
patent ? 

Ans. In my opinion it would, since it would then act as a 
microphone. 

Orvoss- Int. 349. Would it, even if you should find it impossible to 
transmit speech with it? 

Ans. I should think that it would embody the invention, although 
very imperfectly, since whatever it produced was produced by 


electrical undulations similar in form to the air waves. 


| Adjourned. | 


DECEMBER 10. 1886. 2.15 P.M. 


OCross- Int. 3850. As Tunderstand your testimony, the reason why 
in your opinion a break of contact between the electrodes of a tele- 
phone transmitter interferes with the reproduction of speech in the 
receiver, Is that the current is interrupted by the break, and thus, for 
the time being, the transmitter loses its control over the receiver,—is 
this correct ? 

Ans. It is correct as far as it goes, but it is not apparently com- 
plete. At the same monient that the control of the current over the 
receiver ceases, abnormal vibrations are produced which deaden the 
sensibility of the ear, and prevent it from appreciating sounds that 
are produced when the current has again assumed control. 

Oross- Int. 351. Will the interruption of the current produced by 
a break of the circuit at any other point interfere with the repro- 
duction of speech, the same as if the break occurred between the 
electrodes ? | 

Ans. Not necessarily. Thus in the ordinary arrangement, with 


an induction coil, breaks may occur in the secondary circuit without 
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such serious effects as if they took place at the electrodes or else- 


where in the primary circuit. 

Cross-fnt. 352. Looking simply at the primary cireuit, will it 
make any difference in the effect produced on the receiver that the 
break occurs between the electrodes as compared with any other 
point of the circuit? 

Ans. I have never observed any differences. In all cases the 
most marked disturbances result from breaking the circuit. 

Cross-Int. 353. Do you think any difference would be produced 
by making the break at one point rather than at another ? 

Ans. I should not expect to find any marked difference. 

Oross-Int. 354. The one you think will be equally destructive of 
speech with the other? 

Ans. I should think so. Of course I assume that the manner 
of breaking, the nature of the electrodes, and other cireumstances 
are the same; and that it is simply the locality of the break that is 
under consideration. 

Cross-Int. 355. In certain places in your direct testimony you 
have spoken of using a break wheel for interrupting a telephonic 
circuit. Did you find that such wheel producing actual breaks in 
the circuit destroys the power of the apparatus to transmit speech ? 

Ans. ‘That has been the result of my experiments when the break 
wheel was placed in the battery circuit. 

Cross- Int. 350. What telephone was used ? 

Ans. Among others, the Blake transmitter and the Bell magneto 
receiver. 

Cross Int. 357. What was the arrangement of the break wheel 
relatively to the circuit? 

Ans. The break wheel, in certain of the experiments, consisted of 
a brass wheel about a foot in diameter, and into whose circumference 
were set one or a number of thin strips of ebonite, an insulating ma- 
terial. The wheel was mounted upon a rotating machine so that a 
rapid revolution could be communicated to it. A somewhat stiff 
metallic spring pressed against the circumference of the disk. One 
of the leading wires from the battery was connected with this spring. 
From the other terminal of the battery a wire ran to the metallic 
axis on which the brass wheel was mounted. <A Blake or other mi- 
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crophone transmitter and a Bell receiver were interposed in the 
circuit. On rotating the wheel, the circuit was broken whenever an 
ebonite strip passed under the spring. 

Cross- fit. 858. Did you ever try this break wheel in the secon- 
dary circuit of a Blake transmitter ? 

Ans. Ihave done so, and have detailed the results in some for- 
mer deposit ions. 

Oross-Int. 359. Did you find it always impossible to reproduce 
speech when the wheel was interrupting the secondary circuit ? 

Ans. I did not. Speech could be transmitted in spite of the in- 
terruptions, though these produced very evident disturbances. 

Cross-Int. 360. How rapidly could you break the secondary cir- 
cult without destroying the capacity of the imstrument to transmit 
speech ? 

Ans. I cannot state definite figures without reference to my 
notes, or to statements which I have made with the experiments fresh 
in mind. My remembrance is that, even when I rotated the wheel 
very rapidly so that the interruptions in the current (perhaps two 
or three hundred in a second) produced a musical note, speech 
eould still be transmitted, and from this limit downward it was still 
possible to transmit speech. 

Cross-Int. 361. Do you understand that in a telephone which em- 


ploys the induetion eoil, the form of the electrical undulations in the 


secondary wire is dependent upon, and substantially the same as that 


of the primary wire ? 

Ans. Ido. 

Cross-fiit. 302. In the printed record of our deposition in the 
Long Distance telephone suit, I find the following statement in 


answer to Cross-Int. 54 :-— 


“If [ heard with a telephonic apparatus a correct reproduction of 
speech, my own belief would be that this was transmitted by employ- 
ing electrical undulations similar in form to the air waves. I could 
not, without examining the apparatus, say that this was certainly the 
case unless I knew beyond the possibility .of a doubt, that by no 
other method except by employing electrical undulations could 
speech be transmitted electrically. I know of no other method, and 
have not been able to conceive of any; but I cannot say that it is 
absolutely certain that no other method is available.” 
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Did you so testify ? 

Ans. I did.. What you have quoted is a portion of one of my 
answers in that case. 

Cross-Int. 363. Do you to-day know of any reason for retracting 
or modifying the views thus expressed ? 

Ans. I do not. I think, however, that the statements there 
male,as Lhave said in the first portion of my answer quoted from 


the Long Distance suit, should be read in the light of my answer to the 


preceding question in that record jn order that they may be clearly 


understood. 
Cross-Int. 364. Int. 51 of the present suit and the answer thereto 


are as follows: 


“Jnt. 51. What do your experiments show as to whether elec- 
trical undulations similar in form to the sonorous vibrations due toa 
spoken word can, in point of fact, be produced by a series of breaks 
between contact electrodes actuated by a diaphragm acted on by the 
voice, and as to whether any breaks which such an apparatus can 
produce are in fact helpful or hurtful in the transmission of speech ? 

“ dus. My experiments have convinced me of the impossibility of 
producing such electrical undulations by any apparatus which oper- 
ates simply by producing a series of breaks between contact elec- 
trodes arranged and operated as suggested in the question, and also 
that any breaks produced between such contact electrodes are never 
helpful and always harmful in the transmission of speech.” 


What significance did you attach to the word “simply” in making 
that answer? 

Ans. I meant in which the only electrical operation and variation 
was that produced because of the simple make er break of contact, 
as distinct from electrical changes produced during the duration of 
the contact. 

Cross-Int. 365. Approximately, how many different forms of 
speaking telephone transmitters are there ? 

Ans. I should think there were scores, if not hundreds of them. 
Many of them, however, present only trifling peculiarities. 

Cross-Int. 366. Approximately, how many different forms of 
speaking telephone receivers are there ? 

Ans. I should answer in the same words as in my reply to the 


last question. 
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Oross-Int. 367. Do you know of or can you conceive of any 
speaking telephone transmitter which does not produce electrical 
undulations similar in form to the sound waves, and which, there- 
fore, in your opinion, does not embody the method and apparatus of 
the fifth claim of Bell’s first patent ? 

Ans. Ihave never been able to conceive of any. 

C'ross-Int. 368. Whom do you regard as the inventor of the 
microphone ? 

| Objected to as immaterial and drrelevant to the issues in this 
Cause. | 

Ans. The earliest reference to a microphone that I have seen is 

a caveat by E. Berliner in 1877. 

Cross- Int. 369. You assume that the microphone was invented 
later than the date of Bell’s first patent, do you not? 

Ans. I do, as I have seen no previous reference to it. 

Oross-Int. 370. You do not find it described in Bell’s patent ? 

Ans. Notas distinct from other forms of the transmitter which 
vary the resistance. There is no reference whatever to it specifically 
in the patent. 

Cross-/nt. 371. Wherein does the microphone differ from other 
modes of varying the resistance of the circuit? 

Ans. In the microphone there are two electrodes in contact, and 
the resistance is varied by varying the pressure between them. 

Cross- Int. 372. It was well knewn to electricians, was it not, 
prior to the Bell patent, that the resistance of a circuit could be 
varied by varying the pressure between two electrodes in contact ? 

Ans It was, as I have stated in my answer to Int. 23. 


Cross-Int. 373. Are you satisfied with your definition of a mi- 


crophone, which forms a part of your answer to Int. 25. as fol- 


lows: 


~The microphone consists physically of two electrodes placed 
normally in contact with a slight pressure, and forming part of a cir- 
cuit supplied with a current from a battery ?” 

Ans. Iam not satisfied with that statement as a definition of a 
microphone. It is simply a statement regarding the microphone 
which is given in a very long answer in connection with other state- 

(N. J. MCDONOUGH) 
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ments, the whole of which should be read in order that my meaning 
may be clear. I think that the statement quoted by you is true. 

Cross-Int. 374. Are you then satisfied with this, as a definition 
of the microphone; I quote from your testimony in the Spencer 
suit, as follows: 

“ Cross-Int. 36. What do you understand to be the essential fea- 
tures of the microphone ?” 

“Ans. Two conducting surfaces in contact with each other, of 
such nature that variations in pressure caused by sound shall pro- 
duce corresponding variations in resistance, and connected in elec- 
trical circuit.” 

| Adjourned. | 
DecEMBER II. 

Ans. It seems to me that I have correctly stated the essential 
features of the microphone in the answer quoted. 

Oross- Int. 375. Do you regard the use of the microphone as an 
important improvement in the art of telephony, as compared with 
anything that is specifically shown and described in Bell’s first 
patent ? 

Ans. I certainly think that the use of the microphone is a very 
marked impfovement in the art of telephony, as that art existed im- 
mediately after the publication of Mr. Bell’s patent, No. 174,465. 

Oross- Int. 376. Have you ever applied to the apparatus of the 
defendants in this case, any experimental test for determining 
whether the apparatus employs the undulatory current, other than 
the test of listening at the receiver ? 

Ans. ‘This is the only direct positive experimental test that I have 
applied. I have tried a good many experiments with microphones 
like those of the IJIexhibit Defendants’ Transmitter, similar in their 
character to the experiments which I have tried with other micro- 
phones, and already referred to; together with certain additional 
experiments. The result of these experiments has uniformly been 


to confirm me in the behef that the instrument referred to in your 


question is a microphone operating like other instruments of that 


class, and producing electrical undulations. 
Oross-Int. 377. Have you ever in any of those experiments se- 
cured a diagram of the current, whereby you were able to prove 1t 


to be undulatory ? 
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Ans. Ihave not. 

Crvoss-Int. 378. Can defendants’ apparatus be talked to in such a 
way that the speech uttered into the transmitter will not be produced 
at the receiver? 

Ans. Ido not recollect that distinctly from experiment, but I 
have a very strong impression that such is the case. 

Cross-Int. 379. Would the result, as you understand it, arise 
from the breaking of contact between the electrodes ? 

Ans. Either from the absolute breaking of contact, or from abnor- 
mal disturbances without actual rupture of contact. 

Cross- Int. 380. You can’t tell which ? 

Ans. I could probably tell which if I were experimenting with 
the instrument. Either of them could produce disturbing effects 
sufficient to destroy articulation. 

Oross-Int. 381. In your opinion, is there any limit to the size ot 
the diaphragm of a telephone, necessary to bring the instrument 
within the scope of claim five of the Bell patent ? 

Ans. I understand you to ask me whether there is any limit to 
the size of diaphragm, which, in connection with suitable apparatus, 
is capable of producing electrical undulations similar to the sound 
waves. I do not think that there is. I should suppose that in any 
case if the operative electrical undulations were similar in form to 
the air waves, the apparatus would embody the invention set forth in 
the fifth claim. 

Cross-Int. 382. In your opinion, is the constant control of the 
transmitter over the receiver as necessary in the electrical transmis- 
sion of any other class of sounds as of those of human speech ? 

Ans. It is as necessary for their perfect transmission and repro- 
duction. 

Cross-Int. 383. Also as necessary for the same degree of imper- 
fect transmission and reproduction ? 

Ans. Ido not know exactly what I am to understand by “the 
same degree,” since I do not know what measure of distortion you 
have in mind. 

| Defendants’ counsel states that he has asked this last question 


because, as he understands it, such a thing as the “perfect trans- 
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mission and reproduction” of a sound by an electrie telephone is 
absolutely impossible, whatever the class of sounds May be, | 

| Witness resumes.| Mathematically it is. But the greater 
complexity of vocal utterances renders a more perfect control of the 
transmitter over the receiver necessary, than is required with, for ex- 
ample, ordinary musical instruments. A degree of imperfection 
which rendered speech unintelligible, though still allowing us to re- 
cognize that vocal sounds were transmitted, would not so greatly in- 
terfere practically with the transmission of the sound of a trumpet, 
though it would alter to a greater or less extent the quality of the 
tone produced by this instrument. 

Oross-Int. 384. The fifth claim of Bell’s first patent, I think you 
have testified, is not limited to an apparatus for the transmission of 
articulate speech ? 

Int. I see no reason why it should be so limited. 

Cross- Int. 385. T understand you also to have testified in sub- 
stance, that if you were to hear speech recognizably reproduced in a 
telephone, you would regard tbat fact alone as proof that the appar- 
atus and also its mode of operation were that referred to in the fifth 
claim of Bell’s patent. If now you were experimenting with a tele- 
phone lacking in the sensitiveness and perfection necessary for the 
transmission and reproduction of speech, but were to find it capable 
of recognizably reproducing other kinds of sounds, such recognition 
being effected by the reproduced quality of such sound, would you 
deem that fact proof that the apparatus and its mode of operation 
were that referred in the fifth claim of Bell’s first patent ? 

Ans. I cannot answer this question absolutely and broadly with- 
out carrying on quite a series of acoustic investigations. In making 
this answer I assume that by recognizable reproduction of quality 
you mean such a reproduction of quality as shall enable one to know 
the general character of the sound transmitted. If, however, I 
found an instrument capable of recognizably reproducing the quality 
of all other kinds of sounds, unless I should have very strong 
evidence to the contrary, I should believe that the apparatus oper- 
ated according to the method described in the fifth claim, 

Oross-Int. 386. Do you then assume that there may be a tele- 


phone by means of which you can recognizably reproduce the 


DEPOSITION OF CHARLES R. CROSs. 


quality of some classes of sounds, which would not be within Bell’s 
fifth claim ? 

Ans. Ido not wish to make any assumption regarding an appa- 
ratus which is purely hypothetical. I know of no such apparatus, 
but Iam not ready to say that an instrument could not be devised, 
by means of which, at the receiver, I should know, for example, that 
it was a trumpet and not a drum or fife that was sounded at the 
transmitter, ever though what would unquestionably be called elec- 
trical undulations are not produced. 

Oross- Int. 387. Do you not hold that it is the capacity of repro- 
ducing the quality of sounds that distinguishes Bell’s apparatus and 
method from those that had preceded him ? 

Ans. The essential peculiarity of Mr. Bell’s apparatus and meth- 
od is that they employ electrical undulations similar to the air waves. 
The reproduction of quality is a consequence of this. 

Oross- Int. 888. And you know of no method, if I have under- 
stood your testimony aright, whereby quality can be reproduced ex- 
cept by employing electrical undulations similar in form to the air 
waves? 

Ans. I donot. 

Gross-Int. 389. Then is it not fair to say that, practically, the 
substantial difference between Bell’s method and apparatus and those 
which had preceded, is that Bell reproduces quality ? 

Ans. There is undoubtedly that practical difference between 
them. 

Oross- Int. 390. And yet do you hold that you may have a tele- 
phone in which transmitted sounds are recognized by their quality, 
‘but which would not be within the scope of the fifth claim of Bell’s 
first patent, even though the apparatus were not sufhciently sensitive 
to thus reproduce a/l sounds ? 

Ans. I know of no such instrument, and hold no such opinion.. 
It is a purely hypothetical matter. 

Cross- Int. 891. Do you then hold that an apparatus with which 
you can recognize sounds by their reproduced quality, embodies the 
invention of Bell’s fifth claim, even though the apparatus be not suf- 
ficently sensitive to reproduce the more complex sounds of speech ? 


Ans. Ido not see that the fact that the apparatus. fails to trans- 
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mit speech prevents it from employing the method of the fifth claim 
so far as it is capable of transmitting quality, though it is not sensi- 
tive enough to do this with sufficient perfection. 

Cross- Int. 392. Do you then answer the question in the athrm- 
ative ? 

Ans. I do, understanding you to assume that the apparatus fails 
to reproduce speech because of insensitiveness. 

Orvoss- Int. 393. Do you suppose that any plate of iron or steel, 
or other inductive material which is capable of being put into vibra- 
tion by an ordinary telephonic current acting upon an electro-magnet, 
would also be capable of being put into vibration by air waves such 
as would be produced by one speaking to a telephone ? 

Ans. Ido. 

[ Recess. } 

Oross-Int. 394. The following has been furnished by the counsel of 
the Bell company as a copy of a deposition given by you in the suit of 
the Harmonic Telegraph Co. v. The New England Telephone Com- 
pany. Please state whether said paper contains a correct statement 
of the facts to which it purports to relate, so far as the same are 
within your personal knowledge? The said paper reads as follows : 

[| COPY. | 
HarMONIC TELEGRAPH Co. ET AL. v. THE NEW ENGLAND TELEPHONE Co. 


HaRVONIC TELEGRAPH COMPANY ET AL. &. CHARLES WILLIAMS, JR.. 
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W.P. PREBLE, JR., Examiner. 
Present: CAUSTEN BROWNE, Esq., of Counsel for Complainants, 
CHAUNCEY SMITH, Esq., and J. J. Srorrow, Esq., of Counsel for Defendants. 
(It is agreed that the same deposition shall be considered as taken in both the above-named cases. 


Attest: W. P. PREBLE, Examiner. | 


DEPOSITION OF CHARLES R. CROSS. 
Boston, June 18, 1879. 
Direct Examination by J. J. STORROW, Ksq., of Counsel for 
Defendants. 

Int. 1. Please state your name, age, residence and occupation. 
Ans. Charles Robert Cross; thirty-one years; Boston, Mass. ; 
Thayer Professor of Physics in the Massachusetts Institute of Tech- 
nology. 
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Int. 2. Have you, before 1874, ever used any apparatus for send- 
ing audible melodies or musical tones produced by currents of elec- 
tricity sent from the transmitting station? If so, describe such 
apparatus as you have used, and what use you or others have made 
of it, within your knowledge, before 1874, and when and where 
such use took place. 

Ans. Previous to 1874, I occasionally used the receiver of the 
Reiss telephone, with a tuning-fork as a transmitter, arranging the 
apparatus in the ordinary manner. In February, 1872, I exhibited 
another form of apparatus, designed to accomplish the same end, at 
a lecture given before the pupils of the New England Conservatory 
of Music. The apparatus made use of the principle previously 
employed by Prof. EK. C. Pickering, then of the Institute of Tech- 
nology, In an experiment privately performed. In the apparatus 
exhibited by me, a horseshoe electro-magnet was placed upon a 
wooden box so that its poles were close to the exterior of a large tin 
box, which is here present, but not quite touching it. The magnet 
was placed in ani electric circuit with a battery of six small Grove 
cells, a tuning-fork being also placed in the circuit, so arranged that, 
on vibrating the fork, the current was made and broken a great 
number of times a second. The sound of the tuning-fork was repro- 
duced by this receiver, and the sound from the receiver was perfectly 
audible throughout my lecture room. In the last part of December, 
1875, and the first week in January, 1874, a number of other experi- 
ments were tried, and a second ,exhibition of the instrument was 
made on Jan. 7, 1874, at a lecture tn one of the Lowell free courses, 
at the Institute of Technology. In the latter experiments, several 
forks were tried separately, and the receiver reproduced the charac- 
teristic pitch of each. But one fork was, however, used publicly in 
the lecture. At certain times during the experiments, the magnet 
touched the box, in which case the sound persisted, but was less 
loud. : 
Int. 3. Does that apparatus exist now in the same condition as 
when you used it, and if SO, where does it belong, and is it here 
present ¢ 

Ans. The separate portions of the apparatus still exist, belong- 
ing to the Institute of Technology. The different portions of the 
receiving instrument are these which are here at present. “Two bind- 
ing screws have been added to the magnet since the date when the 
experiment was performed. 

Int. 4. Was this magnet and the wooden box on which it rested 
and the large tin box made for the purpose of this exhibition, or 
where did you get them ? 

Ans. None of the portions of the apparatus in question were 
made for the exhibition. The electro-magnet was one which had 
been for some years in the possession of the Institute. The large 
tin box was one in which some apparatus had been imported a year 
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or more previous to the date of the experiments. The wooden box 
which was used, was one which was convenient for use as a stand 
upon which to place the electro-magnet. I cannot say that the 
wooden box present to-day is the identical one then used. 

Int. 5. What led to the preparation of this apparatus, and for 
what purpose was it prepared ? 

Ans. I took up the subject chiefly to be able to show in my lec- 
tures an instrument which would give louder sounds than the ‘Reiss 
rece iver Agee produce with the transmitter which I used. 

{nt. You say that this apparatus was suggested by a previous 
experime - of Professor Picke ‘ring ; state what you knew of that ex- 
periment before you made this apparatus. 

Ans. The experiment was performed as early as 1870. I was 
not present at the time, but the experiment was described to me on 
the following day. The receiver was a tin plate or box, which I 
saw afterwards myself. I cannot say positively whether it was a 
plate or a box which I saw, or whether there was or was not an 
armature attached. The transmitter, as I was informed at that time, 
was 2 sonometer to the wire of which a small wire acting as a cir- 
cuit-breaker was attached, and the whole so connected with the bat- 
tery that on causing the wire of the sonometer to vibrate. the circuit 
was made and broken with great frequency. The effect of this was 
to produce a loud noise at the instrument used as a receiver, while 
the sonometer wire was vibrating. The description was given tome 
by Mr. Waldo Ross of this city, who was present at the experiment, 
and I think also by Professor Pickering. The box used in my later 
experiments was not the one made use of in the earlier experiments 
of Professor Pickering. 

Int. 7. When this experiment of Professor Pickering was de- 
scribed to you at the time you have stated, were you informed in 
What position the tin box or plate was placed with reference to the 
poles of the magnet, and if so, what were you informed on the 
subject ? 

Ins. All that I distinctly recollect is that the magnet was so 
placed that its poles were very near to the metal of the pl: ite or box. 

Int. 8. Have you recently, with the receiving apparatus which 
you constructed in 1872, and which is here present, tried to trans- 
mit and reproduce audibly articulate speech or the sound of musical 
instruments transmitted by means of electricity from a distant 
station? And if so, describe what you have done in that respect, 
and with what results ? 

Ans. On he tenth of June, 1879. [tried a number of experi- 
ments with this receiver, which was Set up in a manner similar to its 
arrangement in the exhibition already mentioned, it being in the 
ofhce of Mr. J. J. Storrow, Union Building, State Street, ‘Boston. 
It, together with a Blake transmitter, was connected in the primary 
ctreuit of a battery, the transmitter being placed in room 42 in Union 


Sg See 


¥ 


DEPOSITION OF CHARLES R. CROSS. 229 


Building, and connected with the receiver by wires stretching 
across the open court separating these two rooms, and about one 
hundred feet in length. A second circuit containing two ordinary 
hand telephones was stretched between the two rooms, so that any 
messages sent by the apparatus which I am describing could easily 
be verified. 

The magnet in these experiments was placed near to the outside 
of one end of the tin box, which rested upon its side, and when faint 
sounds were transmitte d, the head was placed inside the box, with 
the ear opposite the poles of the magnet, in order to detect these 
sounds. I first asked Mr. Watson, who was assisting me, to play a 
small mouth harmonica before the mouthpiece of the Blake trans- 
mitter. I was expecting to hear the sound given by that instru- 
ment, and so was somewhat surprised to hear loud and clear notes 
resembling those of a music box. On inquiring of Mr. Watson 
what instrument he had been using, | was informed that he had 
been transmitting the sound produced by a child’s music box, which 
he happened to have there. Afterwards the mouth harmonica was 
substituted, and its characteristic notes clearly perceived. In both 
of these cases, the characteristic pitch and quality of the tones in the 
musical instruments used could be heard at the distance of eighteen 
inches or more from the receiver. Mr. Watson was then asked to 
speak into the transmitter, and while the ear was still at a distance 
of about fifteen inches from the receiver, a sound was heard, which 
was recognized as articulation, although the words could not be dis- 
tinguished at that distance. Ithen placed my ear close to that 
portion of the box which was opposite the poles of the magnet, and 
asked Mr. Watson to speak into the transmitter. I then without 
difficulty was able to hear a number of sentences, which were 
entirely unexpected to me. 

Int. 9. Please state whether on this occasion you also tried to 
transmit articulate speech, using as a receiver a» common hand Bell 
telephone connected upon the circuit with the mouthpiece and 
ordinary diaphragm removed, and the instrument held against one 
end of the tin box, so that the box should take the place of the 
diaphragm ; and if so, with what result. 

Ans. I did. With it we succeeded in transmitting articulate 
speech from one station to the other with very great ease. 

Int. 10. Will the Institute of Technology give or sell the defend- 
ants the receiving apparatus you construet ted, to be filed as an 
exhibit in this case ; and if not, will you please produce duplicates 
of said tin box and horseshoe electro-magnet, and a wooden box 
like the one used in your experiment ? | 

Ans. These arly experiments have so much Interest attached to 
them that it seems desirable to retain the original apparatus in the 
possession of the Department of Physics. Iwill produce duplicates. 


(N. J. McDonouUGH) 
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electro-magnet and wooden box, marked “ Defendant's Hxhibits 1, 2 
and 3 Cross Metallic Diaphragm Magnet Receiver, W. P. Preble, 
Jr., Hxaminer.” | 
Int.11. Do you expect immediately to go away; if so, how 
soon, and for how long? ; 
Ans  Iexpect to leave for Europe on Saturday next, to be gone 
until the latter part of September. 


| Defendants offer in evidence duplicates of the tin box, horseshoe | 


| Adjourned to June 19.] 


Boston, June 19, 1879. 


Int. 12. Have you any way of fixing the dates given in your 
second answer other than by memory; if so, state what it is. 

Ans. The date of the earliest exhibition, February, 1872, is in- 
dicated upon my notes used at the lecture given at that time. That 
the second public exhibition was given at the date assigned, I know 
from the fact that it was given in the first of a course of lectures on 
sound ; a reference to the advertisements of that course gave me the 
date which I assigned, Jan. 7, 1874. 

Int. 13. Please to produce, as part of your answer, a diagram 
illustrating the mode in which you connected up the tuning-fork and 
the Cross Metallic Diaphragm Magnet Receiver in the exhibitions of 
the Institute of Technology, referred to in your deposition. 

Ans. I produce it. 


EXHIBIT 4. 


ti a valk a 


A, Battery. C, Electro magnet. 
B, Tuning-fork circuit-breaker. D, Tin box. « % 


E, Mercury cup. 


Int. 14. Please also produce, as a part of your answer, a dia- 
gram of the manner in which you connected up the said receiver with j 
the Blake transmitter, in the experiments in which you transmitted ‘, 
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have testified in this deposition. 
Ans. I produce it. 
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C, Magnet. 
D, Tin box. 


A, Battery. 

B, Blake transmitter in main circuit. 
(Signed ) CHAS. R. CROSS. 
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Attest: W. P. PREBLE, JP is Heaminer, 


Ans. It does. 
Cross- Int. 395. 
tin box used in the experiments described above in your deposition 


What was the size, as near as you recall, of the 


in the Harmonic telegraph case ? 

Ans. Somewhere about three feet long, twenty inches broad, and 
twenty inches deep, as nearly as I can estimate its size. 

Jross-Int. 396. Regarded simply as an electrical apparatus for 
reproducing sound, wherein did the receiver used by you in those 
experiments differ in principle of operation from the receiver shown 
and described in Bell’s first patent ? 

Ans. The apparatus in question did not, properly speaking, repro- 
duce sound. It simply gave forth a sound corresponding to a deter- 
minate number of breaks of a tuning-fork, the receiver giving forth a 
sound, even though the sound of the tuning-fork was not audible. 
The receiver differed in its principle of operation from the receiver 
in the first Bell patent in that the metal plate simply moved toward 
the electro-magnet when the circuit was made, and away frem it 
when the circuit was broken, in the latter circumstance moving with 


a velocity dependent only upon its physical structure. 
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Cross- Int. 397. My question was not intended to be limited to 
your experiments of 1872 and 1874; but to include also, those of 1879. 
Ans. Inthe experiments of 1879, the principle according to which 
the receiver operated was the same as that according to which the ’ 
receiver of the first Bell patent operates. 
Cross- Int. 398. In your publie lectures tn which you described 
this apparatus in 1872, or thereabouts, did you make any suggestion, 
and if so what, in regard to the possibility of utilizing it, or any por- 
tion of it, for the electrical transmission of speech ? 
Ans. In my lecture of 1872, I suggested that with some modifi- 
cation of the transmitter, it might be possible to transmit the songs 
and the music of the forthcoming Peace Jubilee over the whole 
country. 
Oross- Int. 399. Did you make any suggestion about transmitting 
speech ? 
Ans. If I recollect rightly, I did; but in the reference which I 
have just made I referred to the transmission of the words of vocal 
music. 
Crross- Int. 400. Did you at that time know of the Reis tele- 
phone? 
Ans. I did. 
Cross-[nt. 401. Which form? « 
Ans. The cubical box transmitter, and the knitting-needle re- 


ceiver as made by Koenig. 
\ Oross- Int. 402. When first did you see a Reis telephone ? 
Ans. Ido not recollect; but it was not until after 1876. We 


had in our cabinet of apparatus an instrument for producing the 


Page music, which was similar in its construction to the Reis re- * 
ceiver, though much larger. 


Oross- tnt. 408. Ihave understood that early in 1874 you de- 
scribed to Mr. Bell the apparatus with which you experimented in 
‘72, as described in your Harmonic Telegraph deposition, did you? 

Ans. I did; sometime in the spring of 1874, if I recollect 
rightly. 
| Oross-Int. 404. Did the sounds which you got from the receiv- 

ing apparatus in those experiments of 1872 and 1874 resemble at all 


the sounds given off by a tuning-fork ? 
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Ans. They had the same pitch. 

Oross-Int. 406. What were they like, otherwise ? 

Ans. They were generally much louder than the fork, and their 
quality was entirely different, being fuller and musically more like 
the note of a deep organ pipe. 

Cross-Int. 407. Did it seem to you to be in any respect the note 
of a tuning-fork ? 

Ans. It did not; except, of course, as all grave notes present 
less dissimilarity than notes of moderate height. 

Cross-Int. 408. In some of the points alleged to represent Reis’s 
bored block transmitter, I have seen an adjusting screw, apparently 
for the purpose of regulating the relation of the electrodes. Do 
you know of the presence of any such device in any representations 
or descriptions of the Reis instrument prior to 1876? 

Ans. I do not. 

Cross- Int. 409. Would such a device constitute a material modi- 
fication of the Reis apparatus ? 

Ans. That would depend very much upon how it was to be used. 

Oross- Int. 410. Why? 

Ans. If it were to be put in, as I have known it to be put in in 
some instruments that I have seen, in order to use it not as a circuit- 
breaker, but as a microphone, I should consider it a material modi- 
fication. If it were put in with the express object of securing more 
certainly, the desired breaking of the current, I should not think it 
a very material modification. 

Crass- Int. 411. Have you any doubt that Reis devised his tele- 
phone with the hope that he would be able thereby to transmit speech 
electrically? I call your attention particularly to the following 
language in his lecture of 1861 : — 

“ How, indeed, coulda single instrument reproduce the combined 
effect of all the organs employed in human speech? This was always 
the cardinal question.” 

Ans. IT have not. | 

Uross- Jit. 412. If you were to have put before you one of Reis’s 
bored block instruments provided with an adjusting screw by means 
of which the relation of the electrodes could be regulated, and were 


to experiment with the same for the purpose of accomplishing what 
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you say Reis hoped to accomplish, to wit: —the transmission of 
speech, and were not instructed as to any particular adjustment of 
the screw, what adjustment would you give it? 

| Objected to as immaterial and irrelevant in view of the knowledge 
of any one skilled in the art created by Bell’s invention; and as inad- 

missible and incompetent, if it were possible to exclude the influence 
of that invention from the mind of an expert interrogated at this date. | 

I will modify the question so that it shall relate to the period prior 
to your knowledge of Bell’s invention. If prior to that time such an 
apparatus had been laid before you under the conditions named, 
what adjustment do you think that you, as an experienced experi- 
menter in physics, would have given to the screw? 

| Objected to as inadmissible and incompetent. | 

Ans. So far as I can judge, I should have adjusted the electrodes 
so as to make and break contract when spoken to. 

Oross- Int. 413. Ifunder such adjustment you found that the instru- 
ment would not accomplish the purpose which it is assumed Reis had 
in view in creating it, to wit, the transmission of speech, do you 
think that you would then have changed the adjustment ? 

| Same objection }. 

Ans. I cannot say. My inventiveness might have led me to 
change the adjustment, and perhaps to change the materials of the 
electrodes, and perhaps further to increase the mass of the anvil 
electrode, and so to make a new and important invention; or much 
more likely on the other hand, judging from what I now know of the 
instrument, I should have given the matter up as a bad job. 

Cross-dnt. 414. Do you really think if you had been making : 
serious test of such an instrument, you would have tried but a single | 
adjustment of the electrodes ? 

[ Sane objection 7 

Ans. Doubtless not. - I imagine that I should have tried to vary 
the distance of the electrodes so as to give greater or less length of 
break. I see no reason to suppose, however, that I should have at- 
tempted any other adjustment than such as would give these breaks. 
Certainly I should not have done so unless I had conceived of some 
different mode of operation of the instrument from any that IL kagw 
prior to the date of Mr. Bell’s invention. 
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Cross-Int. 415. If you had found that, with various adjustments 
of the electrodes, all, however, permitting a break of contact, you 
still failed to accomplish the object in mind, the transmission of 
speech, do you think that you would still persistently have avoided 
an adjustment that would have allowed the electrodes to remain in 
contact ? 

This question proceeds upon the hypothesis embodied in Cross- 
Int. 412, that you had received no instructions as to the adjustment 
to be made. 

[ Same objection. | 

Ans. IfI had the idea, which I did have, that the only way in 
which the knitting needle could be made to give forth a sound was 
by making and breaking the circuit ; and unless I had learned other- 
wise from observation and experiment, I see no reason to suppose 
that I should have chosen an adjustment which would allow the elec- 
trodes to remain permanently in contact. What I might have dis- 
covered or invented by persistently working in this field, of course I 
cannot say. 

Oross-Int. 416. Have you ever used a Bell receiver with a 
tuning-fork as a circuit-breaker, for producing sounds in such re- 
ceiver ? 

Ans. Ihave. 

Cross- Int. 417. Did you find that there were a great many high 
and strong overtones given forth by the vibrating plate of the re- 
ceiver, and which were not present in the sound produced by the 
tuning-fork ? 

Ans. That has been my experience. 

Cross-Int. 418. What is the explanation ? 

Ans. The way in which I explain it to myself is as follows: 
Under the action of the circuit-breaker the diaphragm is violently 
and suddenly pulled towards the electro-magnet, and then suddenly 
released. The periodic making and breaking of the circuit by the 
tuning-fork imposes a corresponding periodicity upon the motions 
of the diaphragm. This vibration would be graphically represented 
by a periodic curve of great mathematical irregularity, though its 
appearance to the eye would not necessarily be very irregular. 


This complex curve according to a well-known mathemetical prin- 


EVIDENCE 


FOR COMPLAINANTS. 


ciple can be resolved into a series of component sinusoidal curves. 
These component curves will represent the partial tones due to the 
motion of the diaphragm. The upper partials will be very prominent, 
as they always are when a sudden violent impulse is given to a body 
capable of vibration ; as is observed, for example, in the case of a piano 
string struck by a metallic hammer, or plucked suddenly with the 
finger nail. 

Oross- Int. 419. I understand, on reading one of your affidavits in q 
the Ghegan case, that you have tried the following experiment ; , 4 
taking a break wheel, placing the same in a magneto telephone cir- 
cuit, and running the same at a speed to produce nine hundred 
makes and breaks per second, with the result that such breaks did 
not prevent speech, although they produced a characteristic sound 
noticeable by the ear as an annoying and disagreeable disturbance. 


Have you, in fact, performed such exp2riment with such result ? 


Ans. I have. 

Cross- Int. 420. In that experiment the breaks occupied one half 
of the entire time, did they not? 

Ans. They did. 


Cross- Int. 421. What was the magneto telephone used ? 


Ans. A Bell magneto was used. I do not recollect, without 
reference to my notes, whether I used any other form or not. 


| Adjourned to Dec. 16, at 11 A. M.] 
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DECEMBER 16, 1886. 

Cross- Tut. 422. Have you ever tried the experiment of putting a 
break wheel or other rheotome into a battery circuit, joining a tele- 
phonic transmitter and a telephonic receiver ? 

dns. TI have done-so; using a microphone as a transmitter and a 
magneto as a receiver, putting the battery and break wheel in direct 
circuit with these. 

Cross-Int. 425. Did you find the break wheel to prevent the 
transmission of speech in the special experiments that you made ? 

Ans. I did, if the breaks were at all frequent. 

Cross-Int. 424. Please be more specific ? 

Ans. As nearly as [ recollect, the effect was as follows :— when 
the wheel was revolved slowly, so that the breaks were infrequent, 
speech could be understood in spite of them. On rotating the wheel 
faster, it became more and more difficult to understand, so that I 
should say that when only four or five a second were produced, un- 
derstanding ceased ; though this, of course, depends to some extent 
on the loudness of the clicks caused by the breaks. The loud noise 
produced by the clicks deafens the ear, so that it loses the perception 
of everything else. 

Cross-Int. 425. Would the effect of the break, by way of impair- 
ing the reproduction of speed, be greater under the circumstances 
supposed in Cross-Int. 422 than would be the case if the break wheel 
were placed in the primary battery circuit and the receiver in a 
secondary circuit ? 

Ans. I do not think that there would be any material difference, 
provided, of course, that the resistance of the receiver was suitably 
proportioned in each case for the reproduction of sound. 

Cross-Int. 426. Did you not testify in the Ghegan case that when 
you put a break wheel in the primary circuit of a microphone tele- 
phone, the receiver being in the secondary circuit, you could cause 
“the makes and breaks to recur with a frequency of between nine 
and ten times a second,” and that notwithstanding the recurrence of 
such breaks with this frequency, “speech could be transmitted 


clearly ” ? 


Ans. I did, asI see by reference to the record. From this J 
(N J. MCDONOUGH.) 
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should judge that in my answer to Cross-int. 424 I considerably 

under-estimated the number of breaks at which speech was obliter- 

ated. As J have already said, that statement was made entirely from i 

memory, and without reference to notes; the experiments having 

been made about four years ago. | ‘ 
Cross-Int. 427. Your said testimony in the Ghegan case was 

true? 


Ans. It was. 


Re-direct examination by Grorar L. Roserts, L’sq., of Counsel 
for Complainants. 

Int. 428. In the particular experiment to which you have just 
made reference, as described in your testimony in the Ghegan case 
what was the ratio of the duration of the breaks to the duration 
of continuity in the circuit between breaks, and what the rate of 
their recurrence ? 

Ans. The ratio of the break to the make was about one to nine 
hundred and twenty-four. The breaks recurred nine or ten times a 
second, so that a break occupying about z,45 of a second was fol- 
lowed bya make of about 2,4, of a second. 

Int. 429. What was the practical effect of these breaks, and to 
what was the speech heard at the receiver due ? 

Ans. Their effect was, when recurring at the rate mentioned, to 


produce a harsh sound superposed upon and interfering with the 
articulation. The speech which was heard at the receiver was 
‘aused by the action of the carbon microphone. ; 
Int. 430. Did you, in the course of your experiments referred to 
in the Ghegan case, ascertain the amouut of disturbing effect pro- 
duced by mcre frequent recurrence of the breaks made in like manner ‘ 
in the same circuit as that referred to in your answer to Cross-Int. 
426; and if so, what did you find to be the result ? 
Ans. I can best answer this by quoting a statement which I made 
in my deposition in the Ghegan case, when the experiments were 
fresh in my mind. 
26. “I then changed the break wheel, by inserting twenty-four 
radial strips of vulcanite, of the same thickness as the first, in place of 7) 
the one. The results of this were that the breaks now occupied about | 


fy of the time; that is, a break was followed by a make thirty-nine 
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times as long; and with the same number of revolutions of the wheel, 
the breaks would recur twenty-four times as often as before. With 
the same speeds of the wheel which I had tried before the alteration, 
the disturbances in the receiving telephone became much more notice- 
able. As the breaks occupied a larger portion of the time (now 45), 
more of the true articulating current was lost; but the most notice- 
able effect was to introduce an abnormal noise, caused by the vibra- 
tions due to thus throwing off and on the whole strength of the battery 
during the brief period of the break. When they occurred more than 
from about thirty-five to forty times a second, they grew, not into ¢ 
continuous musicel sound, but into a sort of a roar, the effect of which 
on the ear was such as to prevent it from understanding the words 
spoken into the transmitter. This experiment was repeated a great 
many times, and by other persons, with substantially the same re- 
sults. Among those who took part in them with me were Prof. 
Wright and Prof. Trowbridge. In these experiments, I used at 
different times a Blake transmitter and the complainants’ Exhibit 
Hopkins transmitter with substantially the same results. 

“27. %Insome other experiments I used a break wheel with a 
single strip of vuleanite only 1, of an inch thick, and with which, as 
the wheel was thirty-seven inches in circumference, the breaks oecu- 
pied only -..5 of the whole time. The results obtained were sub- 
stantially the same as with the former disk.” 

Int. 431. In Cross-Ints. 78, 79, 80 and 81, and in your answers 
thereto, reference was made to the evidence to be derived from what 
may be heard through telephonic apparatus, the precise construction 
of which was not described: and in Cross-Int. 112 the inquiry was 
concerning “a telephonic apparatus, the transmitter and receiver of 
which were unknown to you.” Similar absence of description of the 
telephonic apparatus inquired about, exists in Cross-Int. 385, and 
perhaps elsewhere in your cross-examination. As there are acoustic 
telephones as well as electric telephones, will you state, to prevent 
possible misapprehension, whether you made any assumption as_ to 
the ageney by which the telephonic apparatus so referred to oper- 
ated ? 

Ans. IT assumed that the telephonic apparatus referred to operated 
by electricity. 

Int. 432. Inthe course of your cross-examination you have re- 
ferred to the fact that every variety of form in the curve which 
eraphically represents the vibrations of the air accompanying sounds 


is resolvable by mathematical analysis into abscissas and ordinates 
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which represent only pitch and loudness ; and you have stated, in sub- 


stance. that the transmission of pitch due to periodic recurrence of 


the vibrations. and the transmission of loudness due to the maximum 


amplitude of those vibrations, will not result in the transmission of 


quality. Wiuill you please explain this matter somewhat more at 
length ? 


[ Question objected to as not accurately representing the testimony 


of the witness, as defendants’ counsel has understood the same. | 

Ans. The quality of a sound depends upon the number, loudness, 
and relative pitch of the different partial tones. If the pitch and 
loudness of each partial tone can be accurately reproduced, the qual- 
ity of the original sound can be reproduced. But the reproduction 
of the rate of vibration of a single partial tone—as, for example, the 
fundamental ; and of the total loudness of the sound, or the loudness 
of any one partial—as, for example, of the fundamental, without 
reference to the loudness of each separate partial, cannot reproduce 
quality. 

Int. 433. In your answer to Cross-int. 257 you have expressed 
your inclination to the opinion that, in the operation of the Reis ap- 
paratus there may be variations in the loudness of the sound pro- 
duced by the receiver, due to variations in the velocity with which 
the electrodes part coatact, and, consequently, as I understand you, 
to the relative degrees of abruptness with which the breaks in the 
electric current take place ; and in your answers to Cross-int. 238 and 
Cross-int. 239 you have referred to a certain dependence of the loud- 
ness of the sound produced by the receiver of the Reis apparatus 
upon the pitch, loudness, and quality of the sound which actuates the 
transmitter. Whll you explain more fully this relationship of de- 
pendence, and state whether it involves or implies any transmission 
of quality? 

Ans. The abruptness with which contact is broken in the Reis 
transmitter evidently depends upon the velocity with which the anvil 
and hammer electrodes separate. Other things remaining the same, 
this velocity would be greater at a higher pitch, since the rate of 
motion under these circumstances would be greater. Also, other 
things remaining the same, the velocity of separation would be greater 


as the amplitude of vibration and loudness of the sound increased ; 
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but the increase in loudness of the sound at the receiver would not 
he proportional to the increased amplitude of vibration of the trans- 
mitter. Again, differences in quality, other things remaining the 
same, will produce differences in the rapidity with which one elec- 
trode parts contact with the other, and hence in the loudness of the 
sound in the receiver. These variations in the abruptness of the 
break, which Ihave explained, do not imply any transmission or re- 
production of quality, or indeed any reproduction of loudness, since 
the intensity of the sound at the receiver is not proportional to the 
energy of vibration at the transmitter. It is also evident that varia- 
tions in the velocity of break due to quality differences depend only 
upon the absolute rate at which the electrodes separate ; and, provided 
this is the same, the loudness of the sound produced will be the 
sume, whatever may be the peculiar combination of partial tones 
co-existing in the sound actuating the transmitter. 

| Lvecess. | 

[ Counsel for the complainants puts in evidence the following pub- 


lications relating to Charles Bourseul and Philipp Reis — namely: 
P} Y 


BOURSEUL PUBLICATIONS. 


No. l. L’Illustration, Journal Universel, August 26, 1854, a newspaper pub- 
lished in Paris, France. A communication from Charles Bourseul, 
Diduskalia, Blatter fiir Geist, Gemiith und Publicitat (Magazine tor In- 
telligence, Humor and News), No. 252, September 28, 1854, a period- 
ical published at Frankfort-on-th--Wain, Germany. Apparently an 
abstract of the foregoing Bourseu: article ; , ‘ . . 
No. 3. Exposé des Applications de UElectricivé.. by Du Moncel, Paris, vol. 2. 

p. 225, ed. 1854; vol. 3, p. 110, ed. 1856. Reprint of the body of Bour- 
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bo 
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seul’s communication to L’///ustration . ; , , 
No. 4. Comptes Rendus des Séances de l’ Académie des Sciences, for Novem. 
ber 26, 1877, Paris. Extract from paper about Bourseul and Beli, 
read before the Academy by Du Moncel , ; : ; 
No. 5. The Telephone, the Microphone and the Phonograph, by Du Moncel, 
published in French at Paris, in 1878, and in English by Harper Bros., 
New York, 1879, pp. 12-15 .. . ‘ ‘ ‘ ° ° ‘ 7 


REIS PUBLICATIONS. 


No. 6. Frankfurter Conversationshlatt, November 29, 1861,  ‘* Reproduc- 
tion des Schalles durch den galvanischen Strom” (Frankfurt). [It 
purports to be a report of Keis’s Lectures of October and November, 
1861} . , ; . . . . , ° , . , . 

No. 7. Jehresbericht des Physikalischen Vereins zu Frankfurt am Main: 
fiir des Rechnungs Jahr 1860-1861 (Yearly Report of the Physical 
Society at Frankfort-a-M., 18°0-61), pp. 57-64 [published in 18621. 
‘-On Telephony by Means of the Galvanic Current, by Philipp Keis.” 
[Reis’s lectures revised by himself]. : , : ‘ . 


COMPLAINANTS. 


EVIDENCE FOR 


No 8. -Jahresbericht des Physikalischen Vereins zu Frankfurt am Main fiir 
das Rechnungs Jahr 1861-1862. Extract from the ‘ A apteteny onl 
being the notice of the two lectures by Reis, October 26 and Novem- 
ber 16, 1861. : : , , ° , :, , . ° , 

No. 9 Die Fortschritte der Physik, XVII., for 1861. pp. 171-3. Article en- 
titled * Ph. Reis. ‘Telephony by means of the Electric Current (An- 
nual Report of the Physical Society of Frankfort-on-the-Main, 
1660-1, pp. 57-64)” , : : , , , , : 

No. 10. Aus der Natur, vol 21, pp. 470-4, L clpZig, 1862. | Abstract of Reis’s 
Lecture of 1861, with quotati ms from it | 


No. 11. Didushkalia, May 8 and May 12, 1862 Extract copied from book of 


Sylvanus P. Thompson. [Reis exhibitions of May, 1862, before thie 
Fret Deutsches Hochstitt (Free German Institute ) | 

No. 12. Zeitschrift des Deutsch-O: sterreichischen Tele yraphen Vereine Be rlin 
(Journal of the German-Austrian Telegraph Association), vol. 9, p. 
] 


25, 1862. Legat Article : ‘ : 
Nos. 13, 14, 15. Di utsche Industrie Zeitung ( ‘Industrial G: WAG tte), 1863, Chein- 
nitz. Three articles from different numbers: No. 16. p. 184, -_—" 17, 
1863; No. 18. p. 208, May 1, 1863; No. 22, p. 249; May 29, 186: 
No. 16. Bottger’s Polytechnisches Novsizblatt, 1863, No. 61, p. 81. On the 


Transmission of Tones to any desired distance by means of Electri- 
city (Telephony).” [Apparently an abstract of the Reis Lecture], 

No. 17. Frankfurter Conversationshlatt, Juve 30, 1868. [Reprint of the Bott- 
eer Article] ; ; ; 

No. 18. Dingler’s Polytechnisches Journal, vol. 168, p. 185. [Re print of the 

sottver Article|]. ; . 

No. 19. Lulytechnisches € entralb lett, 1863, pp. 857-9. [Reprint of the Béttger 
Article | ; , ; . . 

No. 20. Jahreshericht des Ph ysikalische nw Vereins zu Frankfurt-am- Vain ; tur 
das Rechnungs Jahr 1862-1863, p. 35 (Report of the Physical Society 
of Frankfort-on- he-Main). Memorandum of Lecture by Reis, July 
4.1863. : : ; ; ; ; ; , R . ‘ : 
1869-1870, p. 26. [Mention of the Reis Lecture of 1861 

No. 21. Reis’s letter to Ladd July 13, 1863. Original in the library of the 
society; printed in the. Journal of the Suciety of Telegraph Engineers 
and of Electricians, for March, 1883, No. 46. , , , 

No. 22. Report of British Association Meeting, from The Newcastle Daily 
Chronicle and Northern Counties Advertiser, Saturday, August 29, 
1863 . ° , : , : j , ° ; ‘ . 

No. 23. The Civil Eugineer and Architect's Journal, vol. 26, pp. 807-8, 1863. 

Acoustic Telegraph,” by W. Ladd. <A paper read to the British 

Association, 1863. 

No. 24. Report of the Thirty- Third Meeting of the B ritish Assoc it tion for the 
Advancement of Science, in August and September, 1863; published 


in 1864 - . . . . . os . . . . 7 
No. 25. Prospectus of J. Wilh. Albert. Frankfort-on-the-Main, August, 1863, 
No. 26. Reis’s Circular of August, 1863. . . : . , ‘ 


No. 27. Reis’s Descriptive Circular. 9 August, 1863 , ‘ , . , 
No. 28. Dingler’s sie ganna Journal, vol. 169, p. 23. Reprint of Legat 


Article : ; , . , : ‘ , , 
No. 29. Bottger’s Polytecliniche: s Notizb/att, 1863, No. 15, p. 225. Bottger’s 
Account of Reis’s Improved Apparatus, copied in ;, : ‘ . 


No. 30. Dingler’s Polytechuisches Journal, vol, 169, p. 899 —. : 
bl. Die Fortschritte der Physik. 1863, p. 96 : : P . ; 
No. 32. Dublin Medical Press, October 14, 1863 ; . ; ; , ; 
No. 33. Cosmos. Weekly Enevclopedic Review of the Progress of the 
Sciences, Paris, Dec. 25, 1863, vol. 25, p. 705. ** Note by M. Koenig.” 
No. 34. Zeitschrift des Architectur und Ingevnteur Vereins (Journal of the So- 
ciety of Architects and Engineers for the Kingdom of re vol. 
12,.p. 147. Dublin Medical Press Article, condensed ‘ 
No. 35. Die Gartenlaube (An illustrated weekly paper of L eipsic x No 7s FP 
December, 1863, * ier Musiktelegraph.” Apparently an Abstract of 
previous articles, with cuts , . : ' : ' : ; 
No. 36. Cosmos, vol. 24, pp. 349, 352. Published at Paris, March 22, 1864. 
Long article, purporting to be written from Koenig's establishment 
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Porteteuille Economique des Machines, Paris, 1864, vol. 9, p 101. 
Second Saint-Edmeé article ‘ ‘ , , , 
Tageshlatt der 89 Versummlung De utse he ry Naturforscher, Giessen, Sep- 
tember, 1864. From Sylvanus P. Thompson’s book, and there entitled 
‘* Extract from the Report of the German Naturalists’ Society, held 
at Giessen (1864)”. : : ; , , ers 
Proceedings of the Literary and Philosophical Soci: ty of Manchester. 
Published at Manchester, 1865. Notice of Reis’s telephone, by Prof. 
Clifton , ‘ ‘ ' , ' ; , ; , ‘ ‘ 
Annalen du Chemie und Pharinacie, 1864-65. Fecot-note of Buff 
article ; : ; : : , , 
Koenig’s Dese ription of the Re is. From — Cutalogue des Ap- 
pares & Acoustique, Paris, 1865, p. 5. ; , ‘ ‘ 
Pisko. Die neuren Appurate der Akustik, Vie ‘nna, 1865, pp. 94 et seq. 
Pisko. Die neuren Apparate der Akustik, Vienna, 1865, p. 241. The 
Reis Prospectus. . , , ' : 
Handbuch der Ange wandte }? Eli ‘Kel ricitiétslehre, Von Karl Kuhn, 1865, 
pp. 1017-21 ; , , ' % ‘ 
ITessler’s Description of Reis. Hessler’s Lehrburch der technischen 
Physik (Technical Pauysics), Vienna, 1866, vol. 1, p. 648°... , 
Albert’s Catalogue of 1866. Culalogue of J. Wilh. Albert, Mechani- 
cian at Frankfort-on-the-Main, 1866 ‘ ; ‘ ; 
‘6 Mlectiicity,’? oy Robert M. Ferguson, Edinburgh and London, 
1867, p. 257 Sw ; ‘ ‘ ‘ ; : , . . 
Lehrbuch der Physik und Meteorotoyie (Yext-book of Physics). Von 
Joh. Miller. Sichente Auflage, Zweitir Band, 1868, pp. 386-3889 . , 
The Manufacturer and Builder, May, 1869, vol. 1, Nov. 5, pp. 129, 130. 
Article by Dr. Van . We vde : ; ' : 
The Telegrapher, vol. , No. 39, New York, 1869. [Reprint of Van 
der Weyde’s Article | ' , : , , , ‘ 
Aimericin Association on Reis. Paper read by Dr. Van der Weyde 
at meeting of the American Association for the Advancement of 
Science, at Salem, August, 1869. , , ‘ : , 
Boston Daily Advertiser, Aug. 25, 1869. Notice of the foregoing 
meeling ; : : , ‘ ; ; 
The Wonders of yD lectricity. Translated from the French of J. Baile. 
New York: Scribner, Armstrong & Co., 1872; pp. 140-145 
Zoliner’s Drs Buch der Erfindungen, Gewerbe und Inmdustrien (B ook 
of Inventions, Trades and Industries) ; Leipsic, [1872 
Albert’s Catalogue of 1873 


Wiedemann’s Die Lehre vom Galvanismus, 1874, vol. | pages 098, 
599 . , , ; ‘ , ‘ ; ; ; , ; ‘ 
Scientific ee March 4, 1876, Dr. Van der Weyde’s second 
article 


Official re port of e sxhibition at South Kensington Museum in 1876, 
edited by Dr. Rudolf Biedermann, published in 1877. Notice of the 
Reis apparatus exhibited , ‘ . , , , ‘ ‘ , 


TICLES ABOUT REIS AFTER THE BELL PATENT, AND BEFORE THE MICROPHONE 


WAS KNOWN. 


Preece on Reis. Report of the Forty-seventh Meeting of the British As- 
sociation for the Advancement of Science, held at Plymouth, tn Angust, 
77. Onthe Telephone, by W. UH. Preece, Memb. Inst. C. FE ete. 

Ganot’s Description of Reis. Ganots Elmenutary Treatise on 
Physics, 8th edition, translated by E. Atkinson, N. Y., 1877, p. 757. 

Dolbear on Reis. The Telephone, by Prof. A. E. Dolbear; Boston, 
Lee & Shepard, 1877, pp. 99-i1l6. , ‘ ‘ , ‘ ‘ , 


Defendants’ counsel waives proof as to the authenticity of the sev- 


eral eis and Bourseul publications ahove named. and as to the 


correctness of the translations of the same as offered in evidence; but 
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reserves his right to offer rebutting evidence, both as to the fact of such 
publications, and as to the correctness of the said translations or of 
any of them. 

Defendants’ counsel objects to the introduction of any and all of the 
above-named publications relating to or making mention of the Revs 
Telephone except those which appear to have been made by Reis him- 
self, or with his sanction; the ground of his objection being that 
neither the nature of feis’s tmvention nor the proper interpretation of 
Reis’s descriptions of the same can properly be ascertained from 
accounts of others whose qualifications to form a correct and reliable 
judgment on the premises ave not proved or known, and who are not 
produced for cross-examination im regard to what they have written, 
and who in material respects iImay, and in some instances, it ts 
believed, have, changed their views of the Leis invention since the 
dates of the respective publications hereby objected fo. | 

Int. 454. Referring to your answer and Cross-int. 180, do 
you find in the Reis publications therein referred to, or in any 
other of the Reis publications now put in evidence, any description 
or suggestions which, according to your understanding of the lan- 
guage employed, indicates that breaks occur atany of the minor vi- 
brations of the diaphragm or electrodes corresponding to overtones, 
and occurring within the periodic limits of a full vibration corre- 
sponding to the fundamental; that is to say, referring to the graphi- 
cal representation of the form of vibration of the diaphragm, do 
you understand that either of these Reis publications describes or 
suggests that breaks occur in the sinuosities of the curve, as contra- 
distinguished from the break which takes place at each periodic re- 
currence of the curve itself as a whole ? 

Ans. I do not find in the Reis publications any statement or sug- 
gestion which I understand to point out that breaks are to oceur 
corresponding to the overtones. I understand the operation, as de- 
scribed, to consist In the production of a break corresponding to the 
recurrence of a similar phase in the full or complete vibration. 

Int. 485. In your answers to Cross-Int. 161 and Cross-Int. 205, 
you refer to the theoretical operation of the Reis transmitter in 


producing electrical variations due to variations § in pressure be- 


tween the electrodes during such time between breaks as the elec- 
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trodes remain in contact. What practical significance have these 
theoretical variations in the electrical current, as compared with 
the changes therein produced by the breaks, and as compared with 
the operation of the instrument as a whole? 

Ans. ‘These theoretical variations are of no practical importance, 
since the sound due to the breaks masks any minor variations due to 
microphonic action. 

fit. 456. Is there anything in the Reis publications which de- 
scribes, suggests or indicates that any such microphonic action takes 
places in the Reis transmitter between breaks, or any language which 
indicates to your mind that the writers of the same were aware of any 
such operation ? 

I Ob jected fo as leading. | 

Ans. There is not. 

Int. 487. In your answers to Cross-Ints. 285, 286, 287 and 288, 
you considered the effect of altering the Reis transmitter by substi- 
tuting carbon for one of the platinum electrodes, and a metallic 
diaphragm for the membranous diaphragm. Did you in those an- 
swers have in mind any particular form of receiver which you 
assumed to be used with such altered transmitter ? 

Ans. I was not particularly considering the form of receiver 
which was to be used, but tacitly assumed the knitting needle in 
those answers which bore upon the use of the instrument practically 
and commercially. That is in the answers to Cross-Ints. 286, 287 
and 288, 

Inf. 458. And how did you assume in those answers that the 


Reis apparatus, so altered, wus to be used ? 


Ans. I assumect that the transmitter was to be used as a miero- 


phone, and not as a cireuit-breaker. 

Inf. 439. In the experiménts of Prof. Ek. W. Blake, to which you 
have referred in your direct examination, and also in answer to Cross- 
Ints. 254-264, was the diaphragm whose vibrations were recorded 
entirely unencumbered, or did it have to move a mass which was 
comparable with the electrodes of the ordinary microphone trans- 
mitter, such, for instance, as the Blake transmitter ? 

Ans. ‘The diaphragm had to move a mirror of steel, to which it 
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was connected by a stiff steel wire, so that the mass put in motion 
by the vibrating diaphragm was considerable. 

Int. 440. Atthe close of your answer to Cross-int. 259 you were 
requested to refer to the original article by Prof. Blake, to ascertain 
in what tone his apparatus was spoken to. Ilave you that article 
here present; and if so, will you state what information it gives upon 
this subject ? 


Ans. I have the article here. Prof. Blake writes as follows :— 


“With an ordinary tone of voice an amplitude of nearly an inch 
is obtained, implying a movement of the centre of the disk of .005 
inches as determined by actual measurement.” 


Int. 441. In your answers to Cross-Ints. 419-421, you refer to 
certain experiments, testified about in the Ghegan case, with a break 
wheel placed in a magneto telephone circuit. Will you here intro- 
duce your testimony on this subject in the Ghegan case, and state 
whether the facts and opinions therein contained are in accordance 
with your present recollection and opinion ? 

| Yuestion objected to us leading; and also because the testimony of 
the witness, as given in the Ghegan case, and referred fo in the ues- 
tion, Gppears to defendants counsel to misrepresent SOME parts of 
Prof. Mayer’s affidavit. If the testimony is to be used at all, it 
should be in connection with the said affidavit of Prof. Mayer. | 

Ans. My testimony in the Ghegan case on the subject is as fol- 
lows: 


d1. <A statement in Prof. Mayer’s first affidavit, tiled by the de- 
fendant on the motion for preliminary injunction, expresses the opin- 
ion that speech may be transmitted through a circuit in which oceur 
some breaks, causing some interruptions in the current. Assuming 
this to be true, either as here generally stated or as read in the light 
of the specific facts and experiments which follow in Prof. Mayer’s 
affidavit, | am of opinion that it would not in any way relieve the 
apparatus from the charge of employing Mr. Bell’s method in its 
transmission of speech, in spite of such interruptions. 

32. Prof. Mayer follows this opinion by the statement (p. 2), 
©The experiment on which I formed the above opinion ts as follows.” 
He then describes his experiment, from which it appears that his 
opinion is a statement of the following fact: A magneto transmitter 
and receiver are connected together in direct circuit, as usual, and 
speech is transmitted. The voice acting on that transmitter causes 
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electrical undulations similar in form to the sound-waves, and the 
speech Is transmitted by means of them. This I do not understand 
to be disputed. A break wheel is then introduced into the circuit, 
and from time to time interrupts all communication between trans- 
mitter and receiver. While the line wire is thus interrupted, the elec- 
trical undulations, though still caused at the transmitter, do not pass. 
When these breaks haveja certain (very brief) length, speech is entively 
prevented ; but when the interrupting apparatus is so operated that 
no one break exceeds in duration ys5455 OV zelyg (OVeds or gaa. I 
am not sure which) of a second, speech can be intelligibly trans- 
mitted. It is obvious that the speech is then transmitted, not by 
What is lost but by what remains; and the experiment only shows 
that the electrical undulations are so perfect a means for attaining 
the desired end that even when many of these losses occur, if each 
one is very brief, the undulations that remain will still accomplish 
it toan extent practically useful. 

do. I have several times performed a similar experiment, both 
before and since’ Prof. Mayer's affidavit was filed, using in a= circuit 
which did not include a battery two of the break wheels described 
In my former affidavit, and also one like his; with the one like his I 
ran the speed up to 900 makes and 900 breaks a second. While 
such breaks ina magneto circuit do not prevent speech, they pro- 
duce a characteristic sound which is noticed by the ear as an annoy- 
ing or disagreeable disturbance. Prof. Mayer does not state what 
he found in this respect. 

64. But the conditions of this experiment are widely different 
from those present in the battery circuit which includes the defendant's 
microphone, and it has no tendency to show that that instrument does 
In fact break, nor that frequent breaks in a deffery cireuit are con- 
sistent with the transmission of speech. It has already been stated 
that an interruption causes two evils: first, it stops out part of the 
electrical undulations; and the experiment of Prof. Mayer shows 
that when each stop exceeds the small duration stated, speech is for 
that reason destroved. But when the interruption takes place in a 
circuit which includes a battery, it acts to let on and shut off ab- 
ruptly the whole force of the battery, which is vastly greater than 
that portion of the force which is used to make speech, and thus to 
vive a violent electrical, magnetic and sonorous shock to the acting 
parts of the apparatus, and so to produce a loud and comparatively 
overpowering sound. It is for this reason, as stated in the former 
affidavits, that the interruption of a Jaffery circuit, though only for 
o4yo Of a second, produces such an effect that if repeated about 
forty times a second, it drowns out speech. The defendant*’s trans- 
mitter, like all microphones, is always and necessarily included in a 
battery circuit, and if it breaks the circuit it interrupts a battery 
current; such an interruption at each vibration is absolutely destruc- 
tive of speech. The experiment of Prof. Mayer has no tendency to 
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show to the contrary. Indeed, it is so arranged as to entirely avoid 
the fatal difficulty which is necessarily attached to breaks in the 
d-fendant's transmitter. 

35. IJrepeated the experiment of Prof. Mayer, this time including 
a single cell of battery in the cirewt with his break wheel; speech was 
destroyed, no matter at what velocity the wheel was turned. 


The facts and opinions therein contained are in accordance with 
my present recollection and opinion. 
Int. 442. In your answers to Cross-Ints. 156 and 157 you refer to 


your own trials of the Reis apparatus, and to a former deposition in 


one of the telephone cases wherein you have stated them more at 
length. To what telephone case did you refer? 

Ans. I referred to the case of the American Bell Telephone 
Company v. Amos E. Dolbear et al. 

[Counsel for complainants offers tn evidence from the printed 
record in the Dolbear case just referred to, the notes of the stenoqgraphic 
reporters, Messrs. Yerrinton, Barnes, and Leighton s and of the 
special examiner, Mi. Copeland, relating fo the exrperinents made by 
the defendants therein with the Reis apparatus, naniely, the fers 
cubical box transmitter and the leeis henithing-needle ih cermep rh earcual 
with a battery. 

Defendants’ counsel objects to the introduction of the foregoing notes, 
on the following grounds : 

1. Because the defendants herein had nothing whatever to do 
with the experiments fo which the said ywoles relate. and CUR an HO 
respect be bound by the results thereof. 

2. Because the anstrument. Peers rere NEY No. a. math which (f 
portion of the said experiments mere made, was at the time wan an 
emperfect condition, the sounding how being fraversed by LIEV OUS 
cracks ads fully Uppears by Prof. Dolhear’s gqnsmer fo Tif. 159 ) the 
Dolbear case. 

3. Because the conditions under which the said experiments Were 
made, were not such as, in the judgment of defendants’ counsel, 
were suitable for testing enstruments of such extreilme delicacy. Th is 
sufficiently appears by reference to Prof. Dolhear’s ansirer to Int. 158 
and Int. 180. Int. 180 and the answer thereto heiny as follows: 


“Int. 180. Are you prepared to test the matter with this receiver, 
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Exhibit Reis Receiver No. 2, as you did yesterday afternoon, and 
also to test both the Reis receivers with some modern transmitter, to 
see whether the receivers are in working order or not, and test the 
Reis transmitter with some modern receiver ? 

* Ans. I don’t want to do any experimental work when I have to 
have such such objectionable conditions Imposed upon me as were 
imposed upon me yesterday afternoon.” 

4. Because defendants herein have AO hnowledge mn regard AD the 

shill of Mr. Buch, Mr. Baton and Prof. Dolbear for carrying on 
experinents of the hind referred fo. 
5. Because. i Gin event. the particular experiments referred ‘oa 
can have no other effect than to prove the character of the particular 
rnstruments mith which the experiments Mere conducted, which. ads 
defendants’ counsel understands, were not cmstruments made by Mr. 
Revs. 

6. Because specially vt does not appear that the experiments were 
conducted under the saime conditions as regards strength of battery, 
merght of anvil electrode, character of conductors, elc.. etc... as char- 
acterized the MAPIOUS experiments made by Mi. Peis math the rpstpue- 
ments that he mnevented and Wide. 

7. Because the notes which complainants offer rn evrrdence. COnN- 
stitute only a part of the record of the full experrinents made by the 
defendants an the Dolhear suit. and MY mhich leis rrstruiments mn 
some form were used. It is believed that the full record should be 
mntroduced for a correct understanding of what was proved by the 
said experiments as to the capacity, even of the identical instruments 
mith which the experiments mere conducted, 

Subject to the foregoing obyections, defendants’ counsel waives 
formal proof of the said noles, and AVrees that they WAY have the 
SALE effect and force as if put v1) evidence here hy the sworn testi- 
mOnNY of the several persons who originally look: them. 

Counsel for complaimants here states to counsel for defendants 
that if he deems the 7106S of the other experinents lO meh rch he has Me 
ferred MD h 1s seventh objection, AD he of any “uportance rn th is connection. 
namely, Huperiments with the Reis Transmitter connected up with a 
modern magneto receiver, either with or without the use of an induc- 


tion coil; and Experiments with the Reis Receiver connected up in 


circuit with a modern carbon microphone, complainants’ counsel will 
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WAVE formal proof of the said nores rf defendants’ counsel chooses to 


put them in evidence. | 


| The nores here put an enrdence by complammants’ counsel Ure AS 


follows : —) 
Boston, May d1, 1885. 


Notes OF Mr. YERRINGTON, SHORT-HAND WRITER, AND OF WILLIAU 


A. COPELAND, Special Hveaminer. 
| CUraditions of the Laeperiuents. | 


Defendants’ Exhibit Reis Transmitter is arranged in one of Mr. 
Maynadier’s rooms, and the Exhibit Reis Receiver in another. The 
two stations are separated by two intervening rooms, the intermedi- 
ate doors being closed. Present in the transmitting room, Mr. 
Buck, who made the connections, and who handled, operated and 
spoke into the instrument; Mr. Maynadier, Mr. Storrow, Prot. 
Cross, on behalf of complainants, and Mr. Yerrinton, a short-hand 
writer who took notes of what was said. 

[In the receiving room, Prof. Dolbear, who listened at defendants’ 
Exhibit Reis Receiver; Mr. Chauncey Smith, of counsel for com- 
plainants :; and the examiner, who made notes. There was also ar- 
ranged between the two stations an entirely independent circuit with 
an ordinary magneto telephone at each end, and called the tell-tale 
line, merely for convenience of communication between the two 
rooms. Mr. Chauncey Smith attended to the end of this line in the 
receiving room, and Mr. Storrow in the transmitting room. The 
experiment began at 2.45 pep. M. and ended about 3.15. 

The notes of Mr. Yerrinton in the transmitting room are as 
follows : — 


NOTES BY Mr. YERRINTON. 


In the transmitting room, defendants’ Exhibit Pets Transmitter, 
connected through two large Grenet cells, in direct circuit with the 
receiver, with a key in the circuit which leaves the battery open 
when not speaking. In the receiving room the defendants’ Exhibit 
Reis Receiver No. 1, Prof. Dolbear listening. Tell-tale line, with 
a hand magneto at each end, also connects the two rooms. ‘Time, 
2.409 P. M. 

H. C. Buck at transmitter (speaking into top of instrument) : 
Halloa! one, two, three, four, five. Do vou get that? One, two, 
three, four, five —one, two, three. How do you get that? To be 
or not to be, that is the question. One, two, three, four, five — 
one, two, three, four, five, six, seven, eight, nine, ten. How do you 


vet that? 
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(Speaking into mouthpiece): One, two, three, four, five — one 
two, three, four, five — one, two, three, four, five. How do you get 
that? Mary had a little lamb, its fleece was white as snow, and 
everywhere that Mary went, that lamb was sure to go. To be or 
not to be, that is the question. One, two, three, four, five — one, 
two, three, four, tive — one, two, three, four, five — one, two, three, 
four, tive, six. How do you get that; One, two, three, four, five, 
six, seven, eight, nine, ten — one, two, three, four, five, six, seven, 
eight, nine, ten — one, two, three, four, five, six, seven, eight. How 
do you get that? Mary had a little lamb, its fleece was white as snow, 
and everywhere that Mary went, that lamb was sure to go. One, 
two, three, four, five — one, two, three, four, five — one, two, three, 
four, tive. How do you get that? One, two, three, four, five, six, 
seven, cight, nine, ten. There was a little girl, and she had a little 
curl, right in the middle of her forehead; and when she was good, 
she was very, very good, but when she was bad she was_ hor- 
rid. One, two, three, four, five — one, two, three, four, five. How 
do you get that? To be or not to be, that is the question. Green 
clouds in air suspended. Steamers arrived in Boston, May 30. 
New York, Cincinnati, Glasgow, London. How do you get that? 
One, two, three, four, five, six, seven, eight, nine, ten. 

(Mr. Maynapbrer (to Mr. Storrow at the telltale line): Wont 
you ask Mr. Smith [who is in the receiving room] whether Prof, 
Dolbear has beard anything through there or not? We want to 
know what the result is there. 

Mr. Srorrow (through the telltale line to Mr. Smith): Halloa! 
What have you heard? Mr. Smith answers that they have heard 
some counting, and “How did you get that? How did you get 
that?” (To Mr. Buck): Stop a little between each sentence, — not 
so fast. Suppose you speak your sentences into the mouthpiece, 
not against the top. Take anything out of the newspaper. Don’t 
take common, familiar sentences. Anybody operating a telephone 
an guess those. | 

Mr. Buck (speaking into the mouthpiece) : The royal march and 
Bavarian hymn announced the arrival of the royal family. The 
royal hymn announced the arrival of the royal family. The royal 
hymn announced the arrival of the royal family. How do you 
vet that? One, two, three, four, five. The prince looked very 
handsome in his costume of blue velvet satin. A,B,C, D, E, FE. 
G. How do you get that? The Bavarian national air. Carts were 
pressed into service on the New York side as they arrived, and the 
dead and injured were hurriedly driven out to the City Hall, where 
they were laid in the police station in the basement. Latest ship 
news. Halifax, May 30, 1883. It was not found. It was said that 
a man had been seen carrying a dead baby away, but the police had 
no account of it. 


r 
7) 
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| Mr. Srorrow (through the telltale line to Mr. Smith): Halloa! 
Yes, we have been talking away for five minutes. Wait a moment. 
What? We have just lifted the plates out a moment to rest the 
battery. Now listen. | 

Mr. Buck (into the Reis transmitter) : Reports are still coming in 
of the effects of the storm on Monday. At Freeport the bridge 
across the river was torn from its piers. One, two, three, four, 
five, six, seven, eight, nine, ten. Ilow do you get that? One, two, 
three, four, five. Clothing was seattered about in every direction. 
More than halfa score were dead when extricated from the throb- 
bing heap. [low do you get that? Others were more or less ter- 
ribly injured. They lay eight or ten deep, those in the lower tier 
long dead. All were hatless, many shoeless, and on others the 
clothes hung in rags. Five women, all dead and trampled into an 
unshapely mass, were taken from the bottom of the heap. One, 
two, three, four, five. Mary had a little lamb. A, B, C, D, E, F, 
G. To be or not to be, that is the question. One, two, three, four, 
five, sIx, seven, eight, nine, ten. How do you get that (six whis- 
tles) ? 

(Speaking in top of instrument): One, two, three, four, five — 
one, two, three, four, five. 

| Mr. Buck: Do you want me to go on any longer? 

Mr. Srorrow: Wait a mement, until I go into the other room. 

(Mr. Storrow and Prof. Cross left the room, but soon returned. ) 

Mr. Maynaprer, There is somethine the matter with the wire ; 
[ reckon that is the trouble. | 

Mr. Buen (speaking tuto the mouthpiece); By three o'clock the 
crowd in the pleasant grounds surrounding the Hotel Pines 
numbered nearly LO,Q00 people. (Speaking into the top): By 
three o'clock the people in the grounds numbered nearly 10,- 
O00. (Speaking into) mouthpiece): Many sat on the broad 
PIAZZas. (Speaking to the top): Many sat on the broad 
piazzas. The clear skies promised a fair day. (Speaking in 
the mouthpiece) : The clear skies promised a fair day. (Speaking 
in the top): The clear skies promised a fair day. (Speaking in the 
mouthpiece): Rome, Italy, May 17, 1883. (Speaking in the top) : 
Rome, Italy, May 17, 1885. One, two, three, four, five. (Speak- 
ine inthe mouthpiece): Some of these entertainments were poor 
and unsuccessful: others superb, and only in Rome could they have 
occurred, (Speaking in the top): Only in Rome could they have 
occurred, (Speaking in the mouthpiece) : Showery, gusty weather 
destroyed the effect of the onal entry, illuminations, the curious 
characteristic art celebration, ete. Destructive tire at Lynchburg, 
Va. Five persons killed. The property loss $500,000. (Speaking 
in the top): kKive persons killed. (Speaking in the mouthpiece ) : 
Lynchburg, Va., May 30, 1883. The most disastrous fire that ever 
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swept over this city broke out at ten o’clock this morning. (Speaking 
in the top): The Daily Virginian building and fixtures, the Com- 
mercial Bank, the large hardware establishment of John Watts, 
Brothers & Co. Berlin, May 30, 1883. The workman’s sick fund 
bill passed its third reading in the Reichstag to-day. (Speaking in 
the mouthpiece): In the House of Commons this afternoon the bill 
empowering the local authorities in Ireland (speaking in the top) to 
improve the dwellings of laborers passed its third reading. One, 
two, three, four, five, six, seven, eight, nine, ten. (Speaking in the 
mouthpiece): From our Rome correspondent. Fétes in honor of 
the Duke of Genoa and his bride. (Speaking in the top): Fétes in 
honor of the Duke of Genoa and his bride. 

(Mr. Buck: I don’t believe it is any use to continue on in this 
strain. | 

Mr. Maynaprer: Something is the matter, [should think. Either 
the connections are wrong — 

Mr. Srorrow: The connections seem to be all right. 

Mr. Maynaprer: I think you ought to try some other w ay. 

Mr. Srorrow: I don’t care for anything more, unless you do. 

Mr. Buck (to Prof. Cross): W ould you like to speak here ? 

Prof. Cross: I was just going to ask you to send through some 
irregular numbers, instead of sending through regular numbers. 
Leave long enough space between them, so he can repeat. ] 

Mr. Buck (speaking in the mouthpiece) : 5—5—3—8—8—10 
1— 2—10—4—6—40—3 2— 25—9 9—3 2—-25— 86 —55— 101— 302 
508 —6038—904—201—625—480. 

[Mr. Srorrow: Halloa! Iam going to ask Mr. Buck to sound a 
note, expecting it will break the circuit. Please listen and see what 
pitches you get. Halloa! What is it?) Ask Mr. Dolbear to listen 
carefully now, and note the different pitches that he hears. (To Mr. 
Buck) : Speak loud enough to break the circuit, intending to break 
the circuit. | 

Mr. Buck : Do—mi—sol—do—do. 

Mr. Srorrow; Halloa! Did you notice any difference of pitch 
then? Mr. Smith answers through telltale line that they were not 
listening. | 

Mr. Buck : Do—mi—sol—do—fa—mi—do. 

(Mr. Srorrow (to Mr. Smith through the tell tale line): What 
did you hear then? Answer through telltale line. Mr. Dolbear Says 
he hears sounds of a different pitch. (Mr. Storrow through telltale 
line) : Now listen again, please. Do it over again, please, Mr. Buck. ] 

Mr. Buck: Do—mi—sol—do—sol—mi—do. 

| Mr. Srorrow : What did you hear then? He answers through 
tell tale line that he again heard sounds of a different pitch. Mr. 
Maynadier, do you w ant to try anything more? 

Mr. Maynapier: No. | 

(N. J. McDONOUGH) 
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THE NOTES OF Mr. COPELAND IN THE RECEIVING ROOM ARE AS 
FOLLOWS : — 

First trial : — 

Prof. Dolbear says: I heard him say, “One, two, three, four, 
five, six, seven.” 

I also heard him say, “How do you get that?” 

Some of the numbers I did not hear. I only inferred. 

I heard him say, “One, two, three, four, five.” 

I heard him say, “That.” 

I heard him count the whole ten, plain. 

[ heard him count five very plain, in a low tone of voice. 

I heard him say, “ How do you get that,” after counting five. 

| Mr. Smith says into the telltale line that Prof. Dolbear heard 
counting and “ How do you get that?” 

Prof. Dolbear says: “I thought he said, one, two, three, forty. 
I don’t hear anything now but a make and break.” 

[During the experiment Prof. Dolbear pressed the instrument 
close to one car and closed the other. | 

Another trial, [3.05 o’clock.] Prof. Dolbear says: 

I heard him say, “One, two, three, four, five,” easy. 

I heard him say, “One, two, three, four, five, six, seven.” 

I heard him say, “ Mary had a little lamb.” 

I heard him say, “ Mary had a little.” 

I heard him say, “Mary had a little lamb,” again. 

I heard him say so again. 

They are not transmitting anything. 

[3.12.] Six minutes since starting this trial. 

Another trial. [3.15. | 

I hear sounds of different pitch. 

I hear sounds of different pitch when it is at my ear, but which 
sounds have but little difference of pitch at some little distance from 
the ear. 

Boston, June 2, 1883. 
Notes oF Mr. Barnes, SHORTHAND WRITER, AT THE TRANS- 
MITTING Room. 

Transmitting Station: Present, Mr. Maynadier, Mr. Storrow, 
Prof. Cross, Mr. Eaton, and Mr. Barnes. | 

At the Receiving Station: Mr. Buck at the receiver, Mr. Chauncey 
Smith, Mr. Copeland, and Mr. Leighton. 

[ Note.—The notes of those experiments, in which some instrument 
other than a Reis transmitter or receiver was used at either end of the 


line, are put in evidence in a subsequent part of this deposition, and 
will be found, beginning on p. , infra. | 
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(In the transmitting room, Exhibit Reis transmitter, one cell of 
Grenet battery. In the receiving room, Exhibit Reis Receiver No. 1, 
the two instruments connected in direct circutt. ) 

[ Time, 12.10. ] 

Mr. Eaton (speaking at the top) : Hullo, Mr. Buck. 

It is a eat, 

One, two, three, four, five, 

How do you like this? 

Boston. 

One, two, three. 

It is a eat. 

It is a cat. 

It is a cat. 

Dog. 

D-o-g. 

D-o-g. 

D-o-g. 

Do you hear me? 

Do you hear me? 

Do you hear me? 

Do you hear me? 

The horse is four legged. 

The horse is four legged. 

The horse is four legged. 

How is that ? 7 

How is that? 

Mr. Buck. 

That is your name. 

That is your name. 

[Time, 12.12. ] 

That is your name. 

Do you hear it? 

Do you hear it? 

Do you hear it? 

How does it sound ? 

How does it seund? 

How does it sound? 

One, two, three, four. 

One, two, three, four. 

One, two, three, four. 

[ Mr. Srorrow (telltale line) : Hullo, hullo. Listen carefully. ] 

[ Time, 12.14. ] 

Mr. Earon: Hullo. The May meeting. 

The May meeting. 

The May meeting. 

Ladies night at 

Ladies night at 


256 EVIDENCE FOR COMPLAINANTS. 


Ladies night at 

The Congregational Club. 
The Congregational Club. 
The Congregational Club. 
Dinner and speeches 

Dinner and speeches 

Dinner and speeches 

In Horticultural 

In Horticultural 

In Horticultural 

Hall. 

Hall. 

Hall. 

A paper of English 

A paper of English 

A paper of English 
Congregationalism. 
Congregationalism. 
Congregationalism. 

Opening of the New England 
Opening of the New England 
Opening of the New England 
Woman’s suffrage convention. 
Woman’s suffrage convention. 
Woman’s suffrage convention. 
Business meetings 

Business meetings 

Business meetings 

And so forth. 

And so forth. 

And so forth. 

[Time 12.16.] 

June 2, 1883. 

June 2, 1883. 

June 2, 1883. 

It is a dog cart. 

It is a dog cart. 

It is a dog cart. 

Cart. 

Cart. 

Cart. 

How is that? 

How is that? 

How is it? 

The Reis telephone. 

The Reis telephone. 

The Reis telephone. 
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The Reis telephone. 
[Time 12.17. ] 

No. 81 Milk Street. 
No. 81 Milk Street. 
No. 81 Milk Street. 
One, two, three. 
One, two, three. 
One, two, three. 
How is that? 

How do you get it? 
How do you get it? 
How do you get it? 
[Mr. Srorrow (telltale line) : Hullo, hullo. 


ready. Hullo, hullo. Say when you are ready. 


2 


now connected. eis transmitter as before. 


ready. Now listen. | 


[Time 12.20. 


Say when you are 
Reis receiver No. 
Yes, we are all 


Mr. Eaton: Hullo. One, two, three, four, five. 


One, two, three, four, five. 
One, two, three, four, five. 
How is that? 

How is that? 

How is that? 

May fifth. 

May fifth. 

May fifth. 

May five times. 

May five times. 

May five times. 

1885. 

1883. 

1883, 

Hullo. Do you get that, Mr. Buck. 
It is a dog. 

It is a dog. 

It is a dog. 

What time is it? 

What time is it? 

What time is it? 

New York, 

New York, 

New York, 

Boston, 

Boston, 

Boston, 

Charlestown. 

Charlestown. 
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Charlestown. 

Ten, eight, three. 

Ten, eight, three. 

[Time 12.2: 

| Mr. Srorrow (telltale line): Hullo. Are you ready ? | 
Mr. Karon. Choice flower seeds. 
Choice flower seeds. 

Choice flower seeds. 

Flowering plants. 

Flowering plants. 

Flowering plants. 

Trees. 

Trees. 

Trees. 

Shrubs. 

Shrubs. 

Shrubs. 

[Time 12.23. | 


Roses. 


Roses. 
Roses. 


Bulbs. 


Bulbs. 

3ulbs. 

Easy lawn mower. 

Easy lawn mower. 

Parker’s choice lawn grass seed. 
Parker’s choice lawn grass seed. 
Parker’s choice lawn grass seed. 
Lawn house reels, 

Lawn house reels, 

Lawn house reels, 

And hose, 

And hose, 

And hose. 

Lawn seats and vases, 

Lawn seats and vases, 

Lawn seats and vases, 

And lawn fertilizers, 

And lawn fertilizers, 

And lawn fertilizers, 

Parker & Gannett, 

Parker & Gannett, 

Parker & Gannett, 

49 North Market Street, 

49 North Market Street, 

49 North Market Street, 
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Boston. 

Boston. 

Boston. 

Gardeners’ Guide sent free to all who apply. 

Gardeners’ Guide sent free to all who apply. 

Gardeners’ Guide sent free to all who apply. 

How is that? All right? 

(All the foregoing spoken to the top of the transmitter. ) 

[Mr. Srorrow (telltale line): Hullo hullo. Are you listening? 
Are you listening? Now listen, please. | 

Mr. Eaton: Hullo. There will be three sessions to-day. 

There will be three sessions to-day. 

There will be three sessions to-day. 

There will be three sessions to-day. 

There will be three sessions to-day. 

[Time, 12.26. ] 

There will be three sessions to-day. 

There will be three sessions to-day. 

There will be three sessions to-day. 

(All this spoken in the mouthpiece. ) 

The first in the morning. 

The first in the morning. 

[ Mr. Srorrow (telltale line): What is it? What is it 7] 

Mr. Earon: The first in the morning 

The first in the morning 

The first in the morning 

At half-past ten, 

At half-past ten, 

At half-past ten, 

At half-past-ten, 

At half-past ten, 

At half-past ten, 

At half-past ten, 

Which will be devoted to business. 

Which will be devoted 

Which will be devoted 

Which will be devoted 

Which will be devoted 

[ Time, 12.27. ] 

To business. 

To business. 

To business. 

Which will be devoted to business. 

(Speaking in the mouthpiece right along. ) 

In the afternoon 

In the afternoon 

In the afternoon 

In the afternoon 
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At half-past two, 

At half-past two, 

At half-past two, 

And in the evening, 

And in the evening, 

And in the evening, 

At half-past seven. 

At half-past seven. 

At half-past seven. 

At half-past seven. 

Among the speakers 

Among the speakers 

Among the speakers 

Will be Lucy Stone, 

Will be Lucy Stone, 

Will be Lucy Stone, 

Will be Lucy Stone, 

Mrs. Mary A. Livermore, 

Mis. Mary A. Livermore, 

Mrs. Mary A. Livermore, 

Mrs. Mary A. Livermore, 

Mrs. Julia Ward 

Mrs. Julia Ward 

Howe, 

Howe, 

Howe, 

Anna Garland Spencer, 

Anna Garland Spencer, 

Anna Garland Spencer, 

And Miss Lelia Partridge. 

And Miss Lelia Partridge. 

And Miss Lelia Partridge. 

And Miss Lelia Partridge. 

How is that, all right? 

(This last experiment was in varying tones of voice, high and low, 
shrill and gruff. ) 


Nores oF Mr. LEIGHTON, SHORTHAND WRITER, IN RECEIVING 
Room. 


Present: Mr. Chauncey Smith, Mr. W. A. Copeland, Mr. 


Buck, Mr. Leighton. 
(In transmitting room: Exhibit Reis Transmitter, No. I. One 
cell. Grenet battery. Direct circuit.) 
Mr. Eaton speaking. 


cL 


Mr. Buck receiving, with Exhibit Rezs Recetver No. 7, hears as 


= 9 
tollows :— 
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(12.093) Halloo. 1, 2, 3, 4, 5. 

Mr. Buck —3, 4, 6 —1, 2, 3, 4. 

(12.13}.) Transmitter (I thought I heard the word). 

43. 

Halloo (12.174). 

Reis transmitter: “ets Receiver No. 2 a8 receiver. 

Mr. Buck at receiver, hears as follows: 

(12.193) 1, 2,3, 4, 5 (1 wasn’t sure of that, though). Boston — 
Boston. 

(I almost hear. It breaks just enough to spoil it. ) 

Did you hear that? (12.29}.) 

(I think the conditions are changed in some way.) 


| Counsel for complainants offers mn evidence portions of the deposi- 
tion of Henry C. Buck, taken from the printed record in the Dolbear 
case, and relating to the Reis apparatus used by the defendants 


therein in the experiments referred to in the notes already put in evi- 


dence; and it is agreed that the same may stand in this case with the 
saine force and effect as if the said Henry C. Buck was produced as 
a witness herein and repeated his said testimony under oath. The 


said testimony iS as follows i 
ExTRACT FROM Deposition OF Henry C. Buck, A WITNESS CALLED 
FOR THE DEFENDANTS IN DOLBEAR’S CASE. 

Int. 4. Please state what experience you have had in the use of 
these three instruments, Exhibits Reis Transmitter, Reis Receiver 
No. 1 and Reis Receiver No. 2, with the transmitter and one of the 
receivers in the same circuit; and state, also, how otherwise you 
have used these exhibits and with what results. 

Ans. I, myself, bought in Europe, of the man who said he made 
them, the above-mentioned transmitter and receiver No. 1, in 1881. 
They were in exact imitation of those now held by the German Govy- 
ernment, and which were claimed to have been an original pair of 
instruments constructed for Reis. I myself compared these instru- 
ments with those original instruments which were exhibited at the 
International Electrical Exhibition at Paris, in 1881, and found no 
appreciable difference. I have frequently experimented with those 
instruments, and also with Receiver No. 2... The greater part of my 
experiments with these instruments were performed in the labora- 
tory at Tuft’s College, that place being selected because compara- 
tively free from noise, and the time was selected when noise was 
least likely to interfere with our experiments. 

To produce the best and most satisfactory effects, favorable con- 
ditions are essential. 

(N, J, McDONOUGH) 
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I have frequently connected the Reis transmitter above-mentioned, 
in a direct circuit with one of the two receivers, and have, perhaps, 
invariably, been able to hear counting and single words, and occa- 
sionally whole sentences, although this is a delicate experiment, and 
requires absolute freedom from all disturbing influences. 

My experiments with these instruments have been varied in a 
great many ways, and have included many complex combinations, 
extending over a period of several years. 

From these experiments I will briefly describe two or three. I 
have connected up this Reis transmitter with various receiving tele- 
phones 1 in direct circuit, as, for example, a low resistance m: ieneto- 
receiver. Under these conditions, if the person at the tr ansmitter 
spoke in a voice of suitable strength, I was able to understand dis- 
tinctly many sentences, and sometimes have been able to hear and 
understand nearly, if not all, that was said at the transmitter, thus 
showing that the Reis transmitter is capable of producing an undu- 
latory current. To produce these results it is desirable that the 
listener should have means of constantly communicating with the 
person who is transmitting . 

I have also frequently connected these Reis receivers, No. 1 and 
No. 2, in direct circuit with any good modern carbon transmitter, 
and been able to hear, while listening at the receiver, nearly, if not 
quite all that was said at the transmitter, this experiment going to 
show that the Reis receiver is capable of receiving. In this answer 
I have not referred to the tests which were made in the presence of 
the examiner and parties, because I did not understand that the 
question calls for it. 

| Adjourned. | 

Boston, June 4, 1883. 


fnt. 5. In your last answer you say that it is desirable that the 
listener should have means of constantly communicating with the 
person who is transmitting. Please expl: in more fully what you 
mean by that, and why it is desirable. 

Ans. It has been my experience with the several Reis trans- 
mitters which Ihave used —I mean like Exhibit Reis Tr: ansmitter 
all respects — that each instrument differs from the others in the 
loudness of tones to which it should be subjected for the best results ; 
also the pitch, — there is a certain pitch best adapted to each instru- 
ment. The Reis transmitters will not transmit properly when coupled 
in direct circuit, unless precautions be taken to maintain a suitable 
loudness and pitch in the voice of the person tr ansmitting., This is 
why it is desirable for the listener to be able to give sue ‘h ne cessary 
directions to the person transmitting as to varying the loudness and 
pitch when producing the best results. 

Int. 6. Did you take part in the tests, May 31 and June 2, of 
the Reis receivers and the Reis transmitter in direct circuit, with 
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Prof. Dolbear and Mr. Eaton? If so, please explain the main diff- 
culties under which those tests were carried on. 

Ans. I did. As I said in the previous answer, it is quite desira- 
ble, in experiments with these instruments, that they be performed 
in a place free from all extraneous noises, both in the room and from 
the street. While listening at the receiver, during those experi- 
ments, there were several persons in the room at all times, some of 
whom were engaged in. writing ; and consequently, more or less noise 
was produced. Moveover, the noise from the street was found to be 
quite a serious inconvenience while listening at the receiver, although 
the room may be regarded as in a quiet locality. 

In a previcus answer I also stated that it is essential that the 
proper degree of loudness of tone and pitch of the voice be main- 
tained by the speaker while using the Exhibit Reis Transmitter. In 
all my previous experiments we have had means provided for giving 
such necessary directions to the persons at the transmitter. During 
the experiments we were not allowed to have direct communication. 
If I observed, while listening at the receiver, that the sounds were 
either too strong or too weak, it was necessary for me to request 
Mr. Chauncey Smith, who was provided with the telltale line 
telephone, to inform Mr. Storrow to tell the speaker to speak : 
little stronger or a little weaker, as the case might be. It generally 
happened when this was done that the speaker took the other ex- 
treme, and the elaborate process had to be repeated. If I simply 
remarked while listening at the receiver that the speaker was speak- 
ing too loud or too weak, no attention was given to the remark by 
Mr. Smith. 

Moreover, when I found by listening at the receiver that the con- 
ditions were nearly right for producing a sentence, I often hesitated 
to make request fora change, because thinking the conditions would 
the next moment come all right without my interference. I also 
frequently omitted to report the minor words, lest by so doing the 
sound produced by my voice should prevent my hearing a complete 
sentence. 

Int. 7. Please state the best results which you personally have 
obtained with Exhibit Reis Transmitter in direct circuit with Reis 
receiver No. 1 as compared with the result of the tests last week 
when those two instruments were used together. 

Ans. When I first experimented with Reis receiver No. 1 it was 
in much better condition than it was during those experiments of 
last week, since the sounding boards have become cracked and 
broken in several places. My former experience with receiver No. 
lL and No. 2 compared, was that No. 1 receiver produced much 
clearer tones, but that receiver No. 2 was the louder instrument. 

I have heard longer sentences, louder talking, and more distinct 
enunciation with receiver No. 1 during former experiments than J 
heard during those of last week. This I take to have been partly 
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due to the poorer condition of the receiver during these experiments 
of last week, and partly to the conditions being much less favorable 
at those times. 

DECEMBER 17, 1885. 

Int. 443. Were you present at the trials of the Reis apparatus by 
the defendants in the Dolbear case, and referred to in the notes of 
Messrs. Yerrinton, Barnes, Leighton, and Copeland, which have been 
put in evidence in this case, and did you observe the conditions 
under which those instruments were then tried ? 

Ans. Iwas present, and did observe the conditions regarding 
which you inquire. 

Int. 444. What reasonable grounds, if any, in your judgment, 
did Mr. Dolbear have for objecting to the conditions imposed upon 
him during the trials of May 31,'1883, as mentioned in his answer to 
Int. 180, which counsel for defendants has quoted ? 

| Objected to as incompetent. | 

Ans. So far as I know, there were no reasonable grounds for Mr. 
Dolbear’s objection referred to. The place, instruments used, arrange- 
ment of the circuit, operators, and manner of conducting the tests, were 
chosen by Mr. Dolbear and those associated with him. I heard no ob- 
jection at the time of the tests from Mr. Dolbear or his associates ; and 
at the conclusion of the tests, though before the reports of the steno- 
eraphers and others in the transmitting and receiving rooms were com- 
pared, Mr. Dolbear appeared to be satistied with the results. This 
was the impression which I gained from what was said at the time 
by Mr. Dolbear himself. The gentlemen who spoke to the transmit- 
ter had voices well suited to the purpose, and it was evident that they 
understood the conditions to be observed in tests of that nature. 

Int. 445. Did you examine the instruments Exhibit Reis Trans- 
mitter, Exhibit Reis Receiver No. 1 and Exhibit Reis Receiver No. 
2, used in those tests of May 31 and June 2, 1883, and, if so, what 
have you to say in respect to their physical conditions at the time? 

Ans. I did examine those exhibits at the time. As I remember 
them, they were all in excellent condition except that Receiver No. 1 
had its removable cover cracked. I remember gaining the impres- 
sion at the time, from what was said by Prof. Dolbear, that this 
instrument, notwithstanding the seeming defect, was preferred by 


him to the other receiver. 
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Int. 446. Will you read from the Dolbear case the testimony 
which you gave in relation to the experiments of the defendants 
therein, and with reference to the Reis apparatus ; and state whether 
the facts set forth in vour said testimony are true? 

Ans. The facts therein stated are true. [read them from my 
deposition as follows :— 


oiven in Dolbear’s ease. 
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Int. 8. Have you read the publications by and relating to Reis 
which have been put in evidence by the defendants, and also those 
which have been put in evidence by the complainants ? 

Ans. Ihave done so. 

Int. 9. Will you state whether the intention of Reis, as expressed 
by himself and others in their publications, was that his apparatus, 
when in use, should interrupt the current with a frequency corre- 
sponding to the pitch of the sound which actuated the transmitter, 
or whether it was that it should merely vary the current without ever 
Interrupting it? 

| Objected 10 because ai variation of the current bi LUCTEASUNGY the 


resistance SEC VIS 10 the de fendants’ counsel [an the Dolbear Case | Ole 


form of interrupting the current, | 

Ans. The intention of Reis, as stated in the various authoritative 
publications regarding his apparatus, was that the current should be 
interrupted — that is, reduced to zero —once for each vibration of 
the membrane, in correspondence with the pitch of the sound acting 
upon the membrane, so that the strength of the current should vary 
intermittently from a finite quantity to zero. 

Int. 10. Considering the mechanical action of the two electrodes 
in the various forms of the Reis apparatus shown in the publications, 
do those publications state the intention to be that the two electrodes 
should part company with a frequency corresponding with the pitch 
of the sound which actuated the membrane, or do they state the in- 
tention to be that they should never part company, but always remain 
in contact ? 

| Objec fed to [oy counsel for defendants in the Dolhear case | as not 
within the prov 200 Of “the witiess. | 

Ans. The publications state distinctly that the intention is that 
the two electrodes shall be separated from each other and again 
brought into contact with a frequency corresponding with the pitch 
of the sound actuating the membrane. 

Int. 11. Turning now to those postions of the publications which 
purport to state the facts learned by actual use and observation of 
the Reis transmitter when in action, do they state that in actual 
operation the electrodes do part company and interrupt the electric 
current, or do they state that in fact they do not part company and 
do not interrupt the current ? 
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Ans. They state that, as a matter of fact, in the operation of the 
instrument the electrodes do part company and so interrupt the 
current 

Int. 12. Inseveral places in his deposition, particularly on pages 
379 and 426, Prof. Dolbear undertakes to draw a distinction between 
breaking the contact and interrupting the current, and intimates that 
a statement that the contact was broken would not necessarily imply 
that the current was interrupted. Will you tell me whether, in the 
Reis publications, the precise phrase used to express the action of the 
apparatus upon the current is “breaking the contact,” or whether it 
Is, “interrupting the current” ? 

| Objected to, us the intimation set forth is not, mn the opinion of 
defendants’ counsel {in the Dolhear case|, found anywhere in Prof. 
Dolbear’s deposition. | 

Complarmants quote from Page 379: “A distinction LUST, there- 
fore, be kept in mind between a break of contact and a break in 
current. A break of contact does not tmply a break in current.” | 

Ans. ‘The statement made in the Reis publications as to the opera- 
tion of the apparatus in the original German is, that the current is 
broken, not simply that there is a break of contact or an interruption 
in the evrcurt. 

Int. 13. Tf, in those parts of the publications which purport to 
state what was observed in the actual use and observation of the Reis 
apparatus when in action, you find stated any observed facts which 
v0 to show whether the apparatus did habitually break the current 
in the manner stated, will you please to’ mention some of those 
facts ? 

Ans. The transmitting apparatus of Reis is described as showing 
a spark at the contact points of the electrodes when the apparatus 
was In operation. The production of this spark is an evidence that 
the electrodes have parted contact. Also a rattling sound is 
described as proceeding from the electrodes, which indicates a part- 
ine of contact. Still further, the sound pr ‘duced by the Reis 
receiver, is described as being audible throughout a large room. 
This could happen only when the transmitter operated by breaking 
the circuit. . 

Inf. 14. It appears from the statements in the Reis publications, 
and from the measurements introduced in evidence yesterday by the 
defendants’ witness, Mr. Eaton, that the circuit employed by the 
various writers referred to employed a moderate length of line 
wire, three cores with coils inside them, the total resistance of the 
three being between three and four ohms, and two or three cells of 
battery, and a transmitter. In such an apparatus, would breaking 
the contact of the electrodes sufliciently to interrupt the battery cur- 
rent produce a spark at the break; and would a visible spark be 
there produced without interrupting the battery current? 

Ans. <A visible spark would not be produced by this apparatus 
unless the battery current was interrupted; and an interruption of 
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the battery current would generally, and probably always, produce 
a spark. 

Int. 15. It the apparatus operated in the manner deseribed in 
the various publications, as stated in your previous answers, would 
it, when so operated, transmit articulate speech ? 

Ans. It would not. 

Int. 16. It has appeared that the hopping electrode of the J2ezs 
transmilter weighs about seventeen grams, and that in the modern 
articulating microphones produced, the electrode not attached to the 
diaphragm weighs from seventy-five to four hundred and sixty-five 
orais. 

Will you tell me whether this marked difference in physical struc- 
ture adapts the one instrument to break the circuit and interrupt the 
current, and the other to vary the current without interrupting it, 
when the same voice is applied to vibrate the diaphragms of both ; 
and which strueture is adapted for one purpose, and which for the 
other, and give your reasons ? 

Ans. The difference in structure referred to in your question is 
a matter of great Importance. If the electrodes when actuated by 
the voice are to part company and so interrupt the current, they 
should be, and as a matter of fact, always have been made light, 
and caused to rest lightly upon each other. 

This being the case, the impulse given by the vibrations of the 
voice will be sufficient to throw them out of contact with each other 
and thus secure the desired breaking of the circuit. 

On the other hand, if the instrument is to be used as a variable 
resistance battery transmitter for the transmission of articulate 
speech, in which case the current must be simply varied and never 
interrupted, the electrode which is not attached to the diaphragm or 
immediately actuated by the motions of the diaphragm should be, 
and practically is given a considerable mass, in which case it is much 
more difficult to break the contact of the electrodes than if the see- 
ond or anvil electrode has a less mass, while the variations in the 
pressure between the two electrodes, which are essential in the oper- 
ation of such a transmitter, will be much greater, other things being 
the same, than if the anvil-electrode were lighter. 

The reason of this is as follows: The electrode which is attached 
to, or in contact with the diaphragm, the hammer-electrode, as I will 
‘all it, presses more or less lightly against the anvil-electrode, under 
the normal adjustment of the instrument when the instrument is not 
in operation. On speaking against the diaphragm, motion is first 
communicated to the hammer-electrode. As this moves forward, it 
of course tends to set the anvil-electrode in motion. 

The larger the mass of the anvil-electrode the more slowly can 
any given velocity be imparted to it, and hence there will be an 
increased pressure between the two electrodes which, other things 
remaining the same, will be greater with a heavier anvil-clectrode 
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than with a lighter one. Similar actions occur in other portions of 
the vibration of the hammer-electrode. The mechanical resistance to 
rapid change of velocity in the anvil-electrode may be called “inertia 


resistance.” 

This same inertia of the anvil-electrode which prevents its aequir- 
Ine rapidly the full velocity of the hammer-electrode also tends to 
prevent its moving away from the latter and so breaking the contact 

Int. 17. Please examine Mr. Dolbear’s seventy-sixth cross-answer, 
yage 405, which gives the weights concerning the anvil-electrode in 
Exhibit Dolbear Transmitter ; his answer to Cross-Int. 155, page 450, 
which gives the corresponding weights in the Reis transmitter; Mr. 
Buck’s thirteenth cross-answer, page 483, which gives it in the ¢ arbon 
microphone used in some of the defendants’ experiments of June 2; 
and using your own knowledge of the weight of the anvil- electrode 
in the Blake transmitter, and of the structure, form and arrangement 
of the anvil-electrodes in these several instruments, state approxi- 
mately in terms of weight what you have termed the “ insertia resist- 
ance” of the anvil-electrodes in these several instruments. 

Ans. Ihave used the term “insertia resistance” to indicate the 
mechanical resistance which occurs when one moving body exerts 
pressure upon another, thus tending to increase the ve locity of the 
latter. If the second body acquires a simple motion of tr: anslation, 
or a motion which is practically a simple motion of translation, other 
things remaining the same, the resistance to change of motion will 
be immediately dependent upon its mass, and may consequently be 
measured by its weight. 

[f the motion impressed upon the second body is partly or wholly 
a motion of rotation (as in the case of a bar pivoted at one end and 
moved by the application of a force at the other end), the distribu- 
tion of the mass of the body, as well as the amount of the mass 
itself, is influential in determining that resistance. It is evident that 
in any case the resistance to motion at any moment of a mass which 
must move with a rotary motion, will be equal to the resistance which 
some determinable mass would offer when acted upon by the same 
moving force, and that the weight of such a mass may be used to 
measure this resistance. It is to such a mass, as measured by its 
weight, that [apply the term “inertia resistance.” 

[In the Blake transmitter the weight of the anvil-electrode is 
seventy-five grains, and as the motions of the different portions of 
the electrode are so nearly identical, this will represent very closely 
its inertia resistance. 

In the pendulum carbon microphone used in the experiments of 
June 2, the weight of the electrode, as in the case of the Blake 
transmitter, and for the same reason, very closely represents its 
inertia resistance. This weight is 567.7 grains. 

In the Reis transmitter the weight of the hopping piece is sixteen 
and two tenths grains, and its pressure against the lower electrode 
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eight and five tenths grains. The insertia resistance is, perhaps, ten 


orains. 

In the case of the Dolbear transmitting apparatus, the weight of 
the electrode is four hundred and sixty-tive grains, and the pressure 
between the electrodes, fifty-seven grains. ‘The shape of the elec- 
trode with its heavy horizontal bar at the end of two supporting 
pins, which themselves are quite long, gives it a very considerable 
inertia resistance, which is from seventy-five to one hundred erains. 

Of course the effect of this bar is not to add sensibly to the pres- 
sure between the electrodes, since it rests directly over the support- 
ing pins, and unless it tilts slightly to one side, it does not atlect the 
pressure between the electrodes at all. 

Since, however, this bar is at some distance above the points of 
support, about which it rotates when set in motion by the hammer 
electrode, the resistance to motion or inertia resistance Is very con- 
siderable in proportion to the pressure between the two electrodes. 

The inertia resistance of these several instruments can be stated 
approximately as follows :— 

Reis, say, ten grains. 

Blake, say, seventy-five grains. 

Dolbear transmitter, say, seventy-five to one hundred grains. 

‘The pendulum microphone, say, — 

Int. 18. Please state whether it is or is not the practice with in- 
struments composed of a diaphragm and free anvil-electrode, which 
are intended to produce in the current articulating undulations with- 
out Interruptions, to construct the anvil-electrode with such weight 
and form as to give to it a notable inertia resistance. | 

Ans. It is the universal practice to do this. 

| Noon recess. | 

/nt. 10. Referring now to the physical structure of the Lezs 
receiver, is it an instrument which ts caleulated to give forth fairly 
audible sounds under variations of current which are exceedingly 
delicate as compared with current Interruption produced in a circuit 
of moderate resistance and containing one or two cells of battery ? 

Ans. The Reis receiver produces, and is adapted to produce, 
only very feeble sounds when the current passing through it has its 
strepeth simply varied without actually breaking the circuit. 

Int. 20. In the tests which the defendants made on May 31 and 
June 2, by applying to the Reis receiver what were, or what they 
claimed to be, undulatory currents as distinguished from intermittent 
currents, the listener applied the receiver closely to his ear. Do you 
findin the Reis publications any direction that it should be so applied, 
or any statement that it was so applied ? 

Ans, I tind no such direction or statement in any publications 
referred to. 

Int. 21. In Prot. Dolbear’s deposition, answer 39, page 384, he 
states that the Reis receiver was an instrument made “to sit upon a 

(N. J. McDonouaen) 
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table like an ordinary telegraph instrument, as if Reis expected that 
the sounds produced by it might be loud enough to be heard by a 
room full of people.” Does that statement substantially conform to 
the statements in the Reis publications, both the earlier and the 


later ones ? 

Ans. It does. 

Int. 22. When the Reis receiver is placed upon a table and 
actuated by a Reis transmitter operated to break the circuit, with a 
frequency corresponding to the pitch of the sound actuating it, will 
such receiver produce a sound loud enough to be heard by the by- 


standers ? 

Ans. It will. 

Int. 23. When laid upon the table and connected with a Reis 
transmitter, operated so gently as not to interrupt the cireuit, will 
the receiver produce sounds loud enough to be heard by the by- 
standers ? 

Ans. It will not. 

Int. 24. Assuming that the- Reis transmitter, as a structure, is 
to-day capable of producing to some extent electrical undulations 
similar in form to the sound waves, in the hands of those who have 
learned what was taught by Mr. Bell’s patent and by the subsequent 
invention of the articulating microphone transmitter, will you state 
whether you find in any of the Reis publications any statement that 
it was desirable to produce such undulations, as distinguished from 
interruptions, as the means for transmitting speech or other sounds ? 

Ans. I find no such statement in any of the Reis publications. 

Int. 25. Tell me whether you find, in any of those publications, 
any statement that electrical undulations similar in form to the actu- 
ating sound waves could be produced by the Reis transmitter. 

Ans. I tind no such statement whatever. 

Int. 26. Do you find in any of the publications made by Reis, 
himself, anything which shows that he understood that difference in 
“form ” between vibrations which gives to each sound its quality, as 
you have explained in your first affidavit. 

dns. Ido not find in any of Reis’s papers any statement show- 
ing that he understood the nature of musical quality. 

He apparently had only the indefinite ideas which were popularly 
current when he wrote. 

Int. 27. ‘There have been put in evidence extracts from the cata- 
logues of J. W. Albert, the mechanician, who at Frankfurt, a/M., 
manufactured and sold for Reis his telephone apparatus. One of 
these catalogues is for 1866 and the other for 1873. Each of them 
in connection with the telephone of Reis refers to certain books. 
Will you tell me what those books are, and whether the references 
are to passages that have been put in evidence ? 

Ans. The references in the catalogue of 1866 are to Miiller- 
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The test occupied twenty-five minutes. Mr. Buck spoke into the 
Reis transmitter, and Prof. Dolbear listened at the Reis receiver. 

Many familiar phrases and many newspaper sentences were 
spoken; regular numbers, one to five and one to ten, were counted ; 


Irregular numbers were counted. ) 

The regular series was repeated thirty times ; Prof. Dolbear heard 
them twice. 

“How do you get that?” was repeated fourteen times ; Prof. Dol- 
bear heard it twice. | 

Prof. Dolbear heard, “ Mary had a little lamb,” three times, and 
“Mary had a little” once. At the time when he thought he heard 
these words, no such phrase was uttered into the transmitter. This 
phrase had been spoken before, and was evidently a familiar one. 
This is all that was heard during the twenty-five minutes. 

During the early part of the experiment the speaking was against 
the top of the transmitter. This is more likely to produce articulat- 
ing currents without breaks than speaking into the mouthpiece 1s, 
and I think it was during this time that the only phrase and words 
heard correctly were transmitted. The Reis publications direct that 
the sounds should be made into the mouthpiece which is provided 
for that purpose. 

Nearly all the speaking was done with a remarkably even and 
gentle voice, much below the loudness of ordinary conversation. 
Such force of voice as is used in ordinary conversation, if the mouth 
be applied to the mouthpiece, invariably caused breaks, manifested 
to one watching the transmitter by the well-known circuit-breaking 
sparks and rattling of the contact pieces. 

Upon sounding into the mouthpiece sustained notes of different 
pitches, the circuit-breaking sparks were observed, and the different 
pitches plainly heard at the receiver. 

The result on June 2 was as follows : — 

Mr. Buck listened at Pe/s rece‘rer No.1; Mr. Eaton spoke to 
the fters transmitter. The voice of the speaker was carefully modu- 
lated and gentle, below the tone of ordinary conversation, as on the 
previous day, 

The experiment with 7?ets fransmitter, coupled with Jets receiver 
No. 1, lasted eight minutes. Mr. Buck heard as follows : — 

“ Hallo,” which was spoken. 

“1, 2,5, 4, 5,” which was spoken. 

“Mr. Buck,” which was spoken. 

“3, 4,6,” which was not spoken. 

“1, 2,3, 4,” which was «poken three times. 

“Transmitter ” (he thought) ; it was nof spoken. 

“ Hallo,” which was nof spoken at this time. 

With tes transmitter, coupled with Leis receiver No. 2, the ex- 
periments lasted ten minutes. Mr. Buck heard as follows : — 

“1, 2, 3,4, 5,” saying that he wasn’t sure of it. 
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This series was spoken several times. 

“ Boston,” “ Boston,” remarking “IT almost hear; it breaks just 
enough to spoil it.” 

“Did you hear that?” 1t was nof spoken. 

During this last test the voice was: more varied ; seldom, however, 
as loud as in ordinary conversation. 

Int. 33. 1 have asked you to prepare in a similar manner a 
memorandum of what was accomplishe “lon June 2 by the defend- 
ants in their attempts to transmit articulate speech w ith Exhibit Reis 
transmitter and the two magneto receivers, No. 9 and No. 10. 

Ans. I have done [so], and it is as follows : — 


Reis Transmitter and Magneto Receiver No.9. 


Mr. Eaton speaking to transmitter; Mia. Buck listening at receiver. 

Time, 10.50-10.54. Mr. Buck thought he heard twenty words. 
Of these the phrase “Do you understand what [I say?” was not 
spoken. 10.55-11.07. Part of what Mr. Buck said he heard was 
not spoken. Of a long newspaper paragraph, Mr. Buck repeated 
one word, “ Mr. Bradlaugh,” and said that he “could hear occasion- 
ally a word.” 11.023-11.043. Newspaper paragraph of one hundred 
and ninety-two words read. Mr. Buck heard correctly detached 
phrases containing sixteen words, and one phrase of three words, 
“on every hand,” which was not spoken. 


Rets Transmitter and Maqneto Receiver No. 


Operators as before. 

Time, 11.10-11.15. Mr. Buck heard as follows: “ Hallo, Mr. 
Buck!” numbers 1 to 10 and “Do you get that all right?” heard 
correctly. Newspaper paragraph of one hundred and seveuty-iine 
words read. Mr, Buck heard three only. 

Same imstruments: Mr. Buck transmitting and Mr. Eaton. re- 
ceiving. 

During eighteen minutes the only result was as follows : — 

11.17-11.35. Several familiar phrases, such as “ How do you get 
that?” “ Mary had a little lamb,” ete., and regular numbers, 1 to 10, 
heard correctly. 

Mr. Buck then picked out from the newspaper detached phrases 
of four to six words each, repeating them two to six times each ; 
Mr. Eaton heard some of these correctly. Mr. Buck read some 
newspaper sentences, of which Mr. Eaton heard only detached 
words. 

The foregoing was all spoken to the top of the transmitter, except 
one or two phrases. 

Int. 34. [have asked vou to prepare a similar memorandum as 
to their attempt to transmit speech with the Reis transmitter ar- 
ranged in the primary circuit of an induction coil, and the ordinary 
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magneto receiver of the commercial form, connected in the secondary 
circult. 

Aus. Ihave done so, and it is as follows :— 

The Jteis transmitter was arranged in the primary circuit of an 
enduction cou, and the ordinary fell may nelo receiver ot the COlI- 
mercial form, connected in the secondary circuit. 

Time, 11.89 to 11.45. Counting, ordinary phrases and some news- 
paper sentences were uttered into the transmitter. 

Some clauses, one complete sentence, and one familiar phrase were 
heard. 

nt. 35. [have asked you to prepare a similar memorandum as 
to their attempts on June 2 to transmit speech with the ordinary 
carbon microphone and Reis receivers No. 1 and No. 2. 

Ans. J have done so, and it is as follows :— 

Next experiment. A very powerful modern carbon microphone of 
Mr. Berliner’s pendulum pattern was connected in direct circuit with 
Reis receiver No. 2.) Mr. Eaton spoke into it quite loud and Mr. 
Buck listened. 

Detached phrases spoken into it and repeated three times were 
heard with substantial correctness. 

Same fransmitler and Pers receiver No, 1. Experiment conducted 
in the same way, with substantially the same result. 

I afterwards tested this transmitter with the ordinary commercial 
Bell magneto receiver. The volume of tone furnished by this trans- 
mitter Was so great that the words could be understood when the 
Bell receiver was held a foot away from the ear, though the quality 
of the tone was rather poor, as is often the case with loud-speaking 
transmitters. 

Ini. 30. Tlave you ever yourself attempted to transmit speech 
with a pair of instruments substantially like defendants’ Exhibit 
Reis Transmitter and defendants’ Exhibits Reis Receiver No. 1 and 
No. 2? And if so, state whether the results you obtained were sub- 
stantially the same as or substantially different from the results ob- 
tained by the defendants in the tests of May 31 and June 2. 

Ans. I have made such attempts with substantially the same 
results as those obtained by the defendants in the experiments under 
consideration. I have sometimes guessed out familiar or expected 
sentences largely by their rhythm, and sometimes I have imagined 
that I heard and understood sentences which, on inquiry, I found to 
be totally different from those spoken into the transmitter. I have 
never heard an unexpected and unfamiliar sentence transinitted by 
the instruments. 

Int. 57. The defendants’ Exhibit Reis-Legat Receiver has, among 
other deviations from the description in Leeat’s article, a piece of 
paper pasted over the pole of each magnet near the armature, and a 
soft bit of soft rubber placed between one of the poles and the arma- 
ture. Will you tell me whether that addition is of any value, and if 
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x0, What, in an attempt to operate that instrument by feeble electric 
undulations and thereby produce speech ? 

Ans. The addition referred to is of great value, since it enables 
one to bring the armature much closer to the poles of the electro- 
magnet without danger of its sticking to them in the case of accidental 
contact between the armature and the poles. 

Int. 388. Would * sticking” interfere with the operation ? 

Ans. It would, since the armature would not be free to vibrate 


as it is latended to do. 

Mnt. 39. Is it desirable or important to bring the armature very 
close to the magnet when the instrument is to be actuated by shght 
variations of current as distinguished from interruption of current? 

Ans. Itis very desirable to do this when varying, but not inter- 
mittent, currents are used, since the effect of such a varying current 
upon the armature Is greater in proportion as it is nearer to the poles 


of the maenet. 

{nt. 40. In his deposition, and particularly in page 358, Prof. 
Dolbear calls attention to the fact that in his receiver the pull be- 
tween the flexible diaphragm next the ear and the substantially 
rigid plate or mass behind it varies inversely as the square of the 
distance. Will you tell me whether or not in the apparatus Fig. 7 
of Mr. Bell’s patent of March 7, 1876, the pull between the flexible 
diaphragm and its attached armature on the one hand, and the sub- 
stantially rigid core of the electro-magnet on the other, does or does 
not vary inversely as the square of the distance, when the distance 
Is varied ? 

Ans. Since the armature of the Bell telephone, as shown in Fig. 
( of the patent referred to, is permanently polarized through its 
connection with the core of the electro-magnet, the attraction be- 
tween the armature and this core will vary in the inverse ratio of the 
square of the distance. 

fnt. 41. On the same page, Mr. Dolbear refers to the fact that, 
under theoretical circumstances, the pull between the flexible plate 
of Ais receiver and the rigid mass behind it varies as the square of 
the electro-motive force, and not directly as the electro-motive force. 
Will you state whether the same law is true of the pull between the 
diaphragm and its attached armature on the one hand and the 


p= 6) 


electro-magnet on the other, in Mr. Bell’s apparatus of Fig. 7: 

Ans. The same is true in the receiver of Mr. Bell, as shown in 
Kio. 7. 

Int. 42. To avoid any misapprehension, I will ask you whether, 
in the various attempts by you or in your presence to transmit artic- 
ulate sounds by the Reis transmitter and receivers, the operators 
sought to use the Reis transmitter, and so far as they attained any 
success at all, did use it so as to preserve a contact between the two 
electrodes, and thereby produce electrical undulations similar in form 
to the sound waves such as are described in Mr. Bell’s patent, or 
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whether they sought to use and did use it to produce breaks of con- 
tact and interruptions of current, as described in the Reis publi- 


eations 7 
Ans. The transmitter was so used as to produce eleetrien| undu- 


lations without breaking the circuit, as far as possible. 


Cross- Raamination by J. Ic. MAYNADIER, Kisq., of Counsel Sor 
Defendants in the Dolbhear case. 


Cross-Int. 43. In the great majority of all telephones now In use 
there is a very short battery circuit with an instrument in it some- 
times called a microphone transmitter, and sometimes called a Blake 
transmitter, and sometimes called a battery transmitter. What, in 
your opinion, are the substantial differences between such a trans- 
mitter and Exhibit Reis Transmitter? Please name all that you 
believe to be substantial. 

Ans. The Blake transmitter has a metallic diaphragm; the Reis 
instrument has a membrane diaphragm. The Blake transmitter has 
a narrow space in front of the diaphragm, between it and the mouth- 
piece; the Reis transmitter has a lone speaking tube, and a cubical 
box between it and the membrane. The Blake transmitter has a 
heavy anvil-electrode; the Reis apparatus a very light anvil-elec- 
trode. The Blake is also furnished with an induction coil, though 
this is not essential: the Reis has no such induction coil. 

[n the Blake the rear face of the diaphragm and the electrodes are 
protected from disturbance due to extraneous vibrations by being 
completely closed within a box; in the Exhibit Reis Transmitter, 
these electrodes are open to the air, although from the appearance of 
the instrument there may have been a glass cover placed over the 
electrodes. 

The Blake transmitter is arranged so that the voice of the speaker 
acts directly upon the membrane without the intervention of any long 
speaking tube; in the Reis instrument the speaking tube is several 
inches lone. 

Cross-Ini. 44. Do you not agree with me that the community 1s 
indebted to Reis for the initial step now used in the great majority 
of all telephonic apparatuses now in use, namely, the control of an 
electric current by the energy of air waves acting upon a diaphragm, 
which diphragm acts immediately upon one electrode, through which 
the current passes, and through that electrode acts upon another 
electrode, through which the current also passes ; and don’t you also 
agree with me that Reis’s invention of that method and apparatus Is 
of equal rank, at least, with anything ever accomplished since, in the 
way of transforming the energy of sound waves into electric energy ? 
If not. please explain why not. 

| Objected fo because it is ainbiquous 2. ats most wnportant clause, 
and because tt misstates the work and method of Reis as defined by 


himself and associates. | 
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Ans. The apparatus of Reis was certainly a very beautiful toy ; 
but in view of the facts that his apparatus was barren of all useful 
results, so faras the transmission of speech is concerned ; that it is 
absolutely impossible to transmit speech by the method that he 
pointed out; that the electric current is not controlled by the energy 
of the alr waves acting upon his diaphragm; that the first electrode 
acts upon the second electrode in such a manner as to intermittently 
and for short periods prevent the currents from passing through any 
portion of the apparatus ; and recollecting, also, that previous to the 
time of Reis, musical sounds had been reproduced with the appa- 
ratus which he uses as a receiver, it does not seem to me that the 
community is mdebted to him for the initial step used in the 
majority of telephone transmitters now in use. Both his trans- 
mitter and receiver are absolutely abandoned, and a mode of opera- 
tion of which he had not the shehtest conception is the only one 
which is or ever can be utilized for the transmission of speech. All 
that Reis really did, it seems to me, was to substitute a cireuit- 
breaker operated by the voice for a circuit-breaker operated in other 
wavs. Tle evidently hoped to do very much more, but the more 
extended his experiments, so far as is shown by anything that has 
been published, the less sanguine did) his hopes or the beliefs of 
others become. 

The method by which he expected to transmit the voice being an 
Impossible one, his idea of usine that method is valueless in the 
transmission of speech. Finally, in reference to the last few clauses 
of your question, Reis never transformed the energy of sound waves 
into electrical energy. Ele simply caused the cireuit to be periodi- 
cally broken, because of the energy of sound waves. In = such a 
case as this, the energy of the sound waves is no more transformed 
into electrical enerey, than is the energy of the finger which pulls 
the trigger of a gun transformed into the energy due to the exploding 
powder : or the enerey of the arm which opens a floodgate transformed 
into the energy of the stream which is let loose, or the energy of the 
hand that plants a seed transformed into the energy stored up in the 
tree that grows from it. 


, — 
| [dfpourned. | 


Boston, June 8, 1883. 


Cross-fnt. 45. Please look at the instrument now shown you 
|now put 10 evidence, and marked ” Defendants’ Lahihit Reis Trans- 
mitter, Lirst Form, W. A. C., Special Reamer” |,and state how 
it differs, if at all, from that form first described by Reis and others. 

[The exhibit aud the name given to it objected to, on the ground 
that if 78 totally different from anyth ie deseyihed by leeis or others 
tn the publications put in evidence, and is the direct opposite of the 
apparatus described by Pets in his lecture of October, 1861, tn those 
particulars mn which the production of an undulatory current as dis- 
penguished from an intermittent current depends. 

(N. J. MCDONOUGH) 
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[ In VIEW of the objection of the compla ants counsel, the defend- 
ants’ counsel adds to the TUestious the following o7 I refer you par- 
ticularly to the report of Reis’s lecture of 1861, and the cut therein 
contained. 

Ans. Setting aside minor differences, I find this very important 
one. Speaking of the operation of his instrument, Reis says : — 

“Tf now tones or tone combinations are produced in the neighbor- 
hood of the block, so that sufficiently powerful waves reach the 
opening «@, then these sounds cause the membrane / to vibrate. 

* At the first condensation the hammer-like wire ¢ is pushed back ; 
at the rarefaction it cannot follow the retreating membrane, and the 
current traversing the strip remains broken, until the membrane, 
forced by a new condensation, again presses the strip (proceeding 
from p) against d. In this way each sound wave causes a breaking 
and closing of the current.” (See the Lecture, pp. 541, 542, enfra.) 

[t appears from this statement that the construction of the ham- 
mer-like wire dis such that when the membrane moves away from it 
under the influence of a raretied sound wave the wire cannot follow 
the membrane, so that the current is broken until the next conden- 
sation presses the strip that is attached to the membrane against 
this hammer-like wire. In the exhibit apparatus now produced and 
referred to in your question, the arrangement of the electrodes 1s 
totally different. 

The hammer-like wire is attached to the end of a brass spring 
which presses this wire against the second electrode, bearing upon it 
In such a way that it tends to follow and can follow the retreating 
membrane to a very considerable extent, thus preventing the circuit 
from being broken if the person speaking into the instrument uses a 
low or moderate tone of voice, thus bringing about simple variations 
In pressure at the contact point of the two electrodes without neces- 
sarily producing a rupture of contact. 

Cross-Int. 46. You don’t consider, then, that the thin strip of 
metal which carries the electrode din Reis’s cut is a metal spring ? 

Ans. My understanding of the apparatus is, that the thin strip 
of metal which extends from the binding screw x to a point over the 
middle of the membrane, there terminating in the platinum wire d, 
is not a flexible strip pressing the wire ¢ into contact with the other 
electrode so that the wire d@ can. follow this electrode in its retreat- 
Ing motion, but a stiffer strip or a strip so set that it does not tend 
to follow the membrane as it recedes. 

Cross-Int. 47. But you do believe that the strip from the bind- 
ing post p is a light metal spring, do you not? 

Ans. The strip connected with p must be of such a nature as to 
allow the membrane to vibrate, and therefore is, I suppose, thin. 

Oross-Int. 48. Isuppose you meant to answer my last question 
in the affirmative by implication from the word “thin.” Does not 
the same implication clearly apply to the thin strip from the bind- 
ing screw n? 
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Ans. Ido not know that the metal strip referred to in the forty- 
sixth question Is necessarily a spring. All that the lecture says re- 
earding the metal is, that there is a conducting strip of platinum 
cemented to the middle of the membrane and which is in connection 
with the binding screw p. Regarding the wire which is attached to 
the binding screw 7, all that is said is, that there is likewise a thin 
strip of metal which extends as faras the middle of the membrane, 
ending there in a platinum wire. 

C'yvoss-Int. AY. Don’t you think it very likely that the strip from 
the post 7 is substantially the same as the corresponding strip in the 
Exhibit Reis Transmitter, first form 

| Complainants object lo substituting anybod ys YUESSES for the 


written description published Hy Reis hinself. | 


Ans. Thave nothing beyond Reis’s statements by which I can form 
any opinion upon this matter. Tam very certain that if any one 
were constructing apparatus to act in the manner in which Rets 
states as a matter of fact that his apparatus did act, he would not 
make the apparatus with a metal spring as shown in your [Exhibit 
Reis Transmitter, First Form, but would arrange the platinum 
wire so that it could not follow the retreating membrane, and the 
most natural mode of doing this would be to use a heavier or much 
stiffer strip of metal. 

Cross-Jit. 50. You mean, do you not, that he would make the 
piece of metal from binding post #, as Dr. Van der Weyde described 
it in his article, namely, not a “fhe sfevp of metal,” but a plate or 
bar substantially rigid, holding the electrode ¢@ away from contact 
with the electrode carried by the tympan when the tympan is not in 
vibration ? 

| Complainants object that the question piisstates the description by 
Dr. Van der Weyde. | 

Ans. He would certainly not use a piece of metal too thin to 
perform the function which Reis explicitly states was performed by 
the thin strips of metal referred to. It does not follow from this, it 
seems to me, that he would use a plate or bar. All that he would 
have to do would be to use a strip of metal which for convenience 
sake he would probably make thin rather than thick, and which he 
would not mount in such a way as absolutely to defeat the object 
which, in his copy of the Reis apparatus, he intended to secure. 

Cross-Int. o1. Considering now the later form of Reis transmit- 
ter (Exhibit Reis Transmitter), have vou any doubt that the tympan 
of transmitters of that kind were, as a matter of fact, actuated by the 
energy of sound waves from vocal and other sounds, so as to produce 
In the cireuit what it is now become common to call the “ undulatory 
current,” by which I mean variations in the strength of a voltaic cur- 
rent similar in form to the vibrations of the air accompanying the 
vocal and other sounds acting upon the tympan of the transmitter, 
and that such variations of current strength were always produced 
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in every such transmitter ever coupled up in an electric circuit, and 
will be in all others that ever shall be so coupled up ? 

Ans. Your question is so broad in its references to the Reis ap- 
paratus that I find it somewhat difficult to answer it. It) Is 
certainly highly probable that accidentally and without their being 
recognizable, undulatory currents have been produced. I have seen 
no evidence to show that they were ever produced intentionally 
prior to the date of Mr. Bell’s patent. As to whether any Kets 
transmitter ever has been or ever can be fitted up without the pro- 
duction of undulatory currents to a certain extent, all that I can say 
is, that when the apparatus was not in use for transmitting sounds, 
such currents would very possibly be formed by the vibration of the 
membrane by extraneous noises, and even when the piteh of sounds 
was transmitted by the apparatus during the brief periods of contact 
of the electrodes, some such electrical undulations may have been 
produced. Of this, however, Iam certain, that if produced at all, 
they were produced accidentally and unintentionally without any 
one’s being aware of their existence, knowing how to produce them, 
or ever having conceived of the idea of producing and utilizing them : 


re 
4 


so that they were, at most, Mere waste products. 


[ [djourned. | 


Boston. June 9, 1885, 


Cross-Int. 52. You are aware, I suppose, that Exhibit Reis 
Transmitter, when its diaphragm is submitted to a large class of vocal 
and other sounds, will cause electrical undulations in the battery 
current similar in form to the air vibrations accompanying sounds of 
that class; and when subjected to another class of sounds will cause 
a peculiar intermittent current which is very similar to the air vibra- 
tions accompanying such sounds to a certain extent, but not. sufh- 
ciently so for practical use in the transmission of speech, because of 
the fact that the current is not only interrupted, but at brief inter- 
vals actually ceases; the two classes of sound IT have in mind are 
(those last referred to) all vocal and other sounds of an intensity 
sufficient to break the contact between the electrodes of the Reis 
transmitter and (those first referred to) all vocal and other sounds 
of an intensity insufficient to do that. 

Ans. If the Exhibit Reis Transmitter is so operated that the 
method of Mr. Bell and not that of Reis is used, that is, if the elec- 
trodes instead of parting contact with each other as the diphragem 
vibrates to and fro, remain in contact and so rest upon each other 
with a variable pressure, then electrical undulations will be pro- 
duced. If, on the other hand, the method of Reis is used, such 
undulations will not be produced. The clause in your quest’ on 
which refers to the interruption and cessation of the current is 
utterly unintelligible to me, since the term “interruption of a cur- 
rent” bas in electricity one meaning and one meanine onty, that is, 
the breaking of the current. 
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Oross-Int. 53. I will repeat my question ina different form of 
words. You tive aware, are you not, that the Reis transmitter Is, 
under certain conditions. as to intensity or loudness of sound, adapted 
for use under what you call the Bell method ? 

Ans. It is possible, with the Reis transmitter, to produce elec- 
trical undulations similar in form to the sound waves producing 
them. 

Cross-Int. 54. And by electrical undulations, ete., mm your 
answer, you mean precisely “electrical undulations similar in form 
to the vibrations of the air accompanying the” sound waves acting 
upon the tympan of the transmitter, do you not ? 

Ans. I do. 

Cross-Int. 55. You arealso aware, are you not, that the Reis re- 
ceiver of the knitting-needle pattern will give out audible speech 
when actuated by currents of proper strength and form ? 

Ans. It is possible, as the detendants’ experts have shown im this 
case, by using a very powerful modern microphone transmitter, to 
produce electrical undulations so powerful that with the knitting- 
needle receiver they will produce audible speech. 

COross-/it.56, 1 dont think your answer Is as responsive as. It 
should be. Please answer the question again. 

Ans. I do not understand in what respect my answer fails to re- 
spond to the question asked. If by “ currents of proper streneth 
and form” is meant currents which will cause the knitting-needle 
receiver to produce audible speech, my answer will of course be in 
the aflirmative. 


® © 2 * os ® £ 


Int. 135. State whether you do or do not find in any of the 
publications which have been put in evidence any indication that the 
various writers, or the persons whose ideas they profess to report, 
sought LO produce, Or coneeived thit if Wills desirable CoO produce, by 
any means or 1 any pert of their respective Instruments, electrical 
undulations similar in form to the sound waves constituting the 
sound sought to be transmitted, or even electrical undulations of any 
form as distinguished from electrical intermittences. 

Ans. I do not find in any of the publications referred to any indi- 
cation whatever that it was supposed by any one that it was desir- 
able to produce electrical undulations rather than electrical intermit- 
tences, still less that it was desirable to produce electrical undula- 
tions similar 1D form to the sound Waves constituting the sound to he 
transmitted. 

Int. 184. What kind of variations do those publications show 
that the writers and experimenters directed their care to the produc- 
tion of and believed they had produced ? 

Ans. Intermittences. 

Int. 1385. In the attempts which you have made to transmit 
speech by the Reis apparatus, what care did you take to secure favor- 
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able conditions, and what success did you have? State how much 
you ever transmitted with it. a 

Ans. I have several times tried to transmit speech by means of 
the Reis apparatus. In the last and most successful experiments 
which I made, I took every precaution that I could think of to 
secure success. The transmitter and receiver were In sepzarate 
rooms in the same building, the receiver was ina room which was 
absolutely quiet, the receiving and transmitting rooms were con- 
nected together by a telltale line furnished with speaking telephones. 
The time chosen was a holiday and the building was closed. No one 
Was In the rooms except those taking part in the experiments, and 
absolute quiet was secured. | 

Anything which I thought that I heard with the Reis apparatus 
was transmitted by the telltale line to the transmitting room, and the 
words which were actually spoken into the Reis transmitter were 
transmitted to me through the telltale line. “The speaker at the 
transmitting end was a person axecustomed to the use of all kinds of 
telephonic apparatus, with whose voice I was perfectly familiar. 
He was requested to speak with as great loudness as was consistent 
with a preservation of the unbroken contact between the electrodes 
of the transmitter, and from time to time he was communicated with 
through the telltale line, that he might speak louder, or less loud, 
as the experiment seemed to require. I listened very carefully at 
the receiving instrument, and several times thought that IT under- 
stood short sentences which were transmitted, but found on inquiry 
through the telltale line that I was mistaken. The only sentence 
Which I heard correctly was one which had invariably been used by 
the same speaker in testing different kinds of telephones with me, 
and which I could recognize even by its rhythm. The sentence 
was, “ The sun is shining brightly,” which was actually the case at 
the time. 

[ was, at the time that it came, conscious that its rhythm as much 
as anything else enabled me to recognize it. TL also recognized the 
clause, “It is half-past The sentence spoken into the trans- 
mitter being, “ It is half-past tive.” 

This was also a sentence which it was customary for the speaker bg 
to use with me as a listener im testing telephones, and here again the | 
rhythm was a sufficient indication of the sentence to enable me_ to 
recognize all except the last word. This was all I succeeded in recog- 
nizing, although the experiment lasted about an hour. In my experi- 
ence in testing telephones,—the efficiency of telephone transmitters 
and receivers, — I have not felt at liberty to rely on the recognition 
of familiar and frequently repeated sentences, since it Is. easy to 
recognize such sentences from rhythm alone, although there is no 


proper articulation. 
/nt. 136. Will you state how nearly the Reis apparatus used by 
you on this occasion resembled defendants’ Exhibits Reis Transmitter 
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and Reis Receiver No. 1, particularly as regards size of diaphragm, 
and material and weight of hopping piece of the transmitter ? 

Ans. The Reis apparatus used by me was as perfect a reproduc- 
tion as possible of the defendants’ Exhibits Reis Transmitter and Reis 
Receiver No. 1. The only differences that I could find were that the 
reproduced receiver did not have some of the cracks which were 
present in the Exhibit Receiver, and that the wood of which the 
apparatus was made was of a different material. 


Int. 138. In several of the Reis publications the peculiar tone or 
sound produced at the Reis receiver is noticed. Thus Pisko states 
(record, page ISO ) — 

“Its strength not very remarkable, and its clang | quality | buzz- 
ing, like that of a weak-sounding reed-pipe, something like a child’s 
trumpet.” 

Kubn, record, page 598, says :— 

“The quality of the sounds thus produced is not pleasant. They 


are almost like the sounds of toy trumpets at times. also like the buzz 
of a fly caught ina spider’s web, and the like.” 


Dr. Van de Weyde, page 609, says :— 

“The receiving instrument in fact sings the melodies transmitted, 
as it were, with its own voice, resembling the humming of an insect, 
regirdless of the quality of the tone which produces the original 
tune at the other end of the wire.” 

Will vou state whether in using the Reis apparatus you have ob- 
served this characteristic buzzing sound at the receiver, and whether 
it is due to a circuit-breaking action or to a michrophonic action of the 
transmitter ? 

Ans. Ihave frequently noticed the buzzing sound, which is very 
marked and peculiar, resembling almost exactly the buzzing of a fly, 
and it is produced only when the transmitter is so operated as to 
maxe and break the circuit. 

The quality of sounds transmitted microphonically is quite differ- 
ent. I have tried the experiment of having the person at the Reis 
transmitter sing a single prolonged note into it, at first very gently, 
so as not to break the circuit, then more loudly, so that the circuit 
was broken at each vibration of the membrane. I could always tell 
the moment at which microphonic transmission of the sound ceased, 
and transmission of the pitch alone by the action of the transmitter 
as a circuit-breaker began, by the sudden change of the quality of 
the sound heard at the receiver, this peculiar buzzing quality appear- 
Ing immediately upon the beginning of the breaking of the circuit 
by the transmitter. 

Int. 139. In that experiment could you tell by the relative loud- 
ness of the sounds when the microphonie action ceased and the cir- 
cuit-breaking began, and how marked was the difference ? 
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Ans. The loudness of the sound is far greater when the circuit Is 
broken than when the sound is transmitted microphonically. In the 
latter case [T could only hear the sound by placing my ear closely 
against the receiving instrument, whereas, in the former case, the 


sounds produced by the receiver were loud enough to be distinctly ay 
audible throughout a very large room. 
Int. 140. In your fifty-first cross-answer, page 508, you have stated » 


that while the circuit is being made and broken at each vibration of 
the membrane, some slight electrical undulations might possibly be 
produced during the brief instant when the electrodes were in con- 
tact between two successive interruptions. Will you state whether 
such fragmentary interruptions which can thus be produced would 
vive an effective undulatory character to the current, as a whole, or 
whether they would be overshadowed and their possible theoretical 
effects overpowered by intervening interruptions ? 

Ans, The interruptions are so frequent and the sound due to them 
so loud that the minute effects referred toin my tifty-first answer would 
be entirely overpowered, and it would be practically impossible for 
them to give any undulatory character to the current as a whole. 
Whatever minute undulations might be produced would be entirely 
devoid of practical value, even if they could be observed at all. 

{nt. 141, Were circuit-breakers (by which I mean devices which 
absolutely broke off the current and then let it flow again while alter- 
nately opening and closing the circuit) known to and in use by 
electricians in 1860; and if so, will you state whether the phrase 
used in the German publications relating to Reis, to characterize his 
apparatus and the operations which he performed, was the same as 
that technically applied to other circuit-breakers 7 

Ans. Cireuit-breakers were constantly employed by electricians 
at the date mentioned. The phrase by which the apparatus and 
operation of the Reis transmitter are designated are the same as those 
technically applied to other forms of circuit-breaker; thus, in the 
Reis lecture as published by Reis, on page 542, I tind among others 
the following expressions, of which I give both the Enelish and the 


German: “In this way each sound-wave causes a breaking and é 

closing fein Oeffnen und ein Schliessen} of the current [Stromes ]. i? ¢ 
On breaking the circuit | beim emterbrechen des Stromes ] these 

atoms seek to regain their position of equilibrium. .. . This is ft 

the ense if the making and breaking of the current [ Unterdre- ; 

chungen und Schliessungen des Stromes | occur With comparative Gs 


slowness.” ... ? 
©The iron wire no longer gives its longitudinal (normal) tone, ! 
but a tone whose pitch corresponds to the number of interruptions 
[Unterbrechungen] (in a eiven time): this is the same as saying 
that the rod reproduces the fone fon | rupressed mpon the mterrupler 
| dein lJnte rhrechungs apparat | nis 
~ In Kuhn’s description of Reis, pave odd of the record, the term 
‘Unterbrecher” is applied to a well-known form of circuit-breaker ; 
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“Yet the possibility cannot be controverted that the principle of 
Neeft’s circuit-breaker [Unterbrecher] might contribute to the 
solution of the problem in question.” 

Qn page 594 the same term Is repeated. 

In Miller-Pouillet’s description of Reis, page 605 of the record, 
I find an ordinary circuit-breaker is denominated by the same term 
(Unterbrechungs apparat) that is applied a few lines below to the 
Reis transmitter. 

The term “unterbrechung” is the ordinary term technically used 
to indicate the breaking of the circuit, and the term “ unterbrecher” 
or “unterbrechunes apparat ” is a technical designation of a circuit- 
breaker. It never has any other meaning than this. 

Int. 142. Is the book of Kuhn, which you have just referred to, 
a standard work of recognized authority or not ? 

Ans. It is a standard work, and was the best work in German 
upon the subjects of which it treats at the date of its publication, in 
1866.” 


| Counsel for complamants puts in evidence an official translation 


from the hound volwUines of the Patent Office, of the specification of the 


German Patent No. 4.000. granted lo Robert Liidtge, Jan. 12, 1878, 
for Improvement an Transiniitter and Relay for Hlectric Telephones. 

Obhjected fo as mncompetent and dmimaterial. If complainants wish 
to avail of the festimony of Reohert Liidtge aL regard to the matters of 
which his alleged patent treats, he should be called as a witness in the 
regular may. | 

Int. 447. Have you examined the German Patent to Robert 
Liidtee, dated January 12, 1878, and just put in evidence, and do 
you understand the construction and mode of operation of the ap- 
paratus therein described? = If so, please state upon what principle 
such apparatus operates. 

| Objected to as immaterial. | 

Ans. I have examined the patent referred to, and understand the 
construction and mode of operation of the apparatus therein 
described. It is a microphone transmitter, and produces electrical 
undulations by varying the intimacy of contact between two elec- 
trodes. 

Int. 448. You have been asked about a contrivance or ar- 
rangement of tuning-fork circuit-breakers, tin box, and electro- 
magnet, which you and Prof. Pickering had used; and about 
deposition which you gave in 1879, a copy of which, have bh 


_ 


(N. J. MCDONOUGH) 
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produced and put in evidence. Will you please state what invention 


or 


od 


alleged invention the facts stated in that deposition were intended 
to meet or anticipate ? 

Ans. I understood at the time that the experiments were called 
for in my deposition, because the apparatus antedated an apparatus 
which Mr. Elisha Gray had patented, in which there was a metallic 
plate opposite the poles of an electro-magnet, which plate was set 
into vibration by the action of a circuit-breaking tuning-fork, a form 
of harmonic telegraph by which musical sounds were produced at 
the receiver by these interruptions of the circuit. 

[ understood that Mr. Gray found, subsequently to Mr. Bell’s 
invention of the speaking telephone, that his receiving apparatus 
could be used as a speaking telephone receiver by using the method 
of producing and employing electrical undulations invented by Mr. 
ell. IL found on experiment that the apparatus whieh I had 
described in my 1872 lecture, which was previous to the experiments 
of Mr. Gray, was also capable, when used as a receiver in connec- 
tion with a transmitter employing the method devised by Mr. Bell, 
of acting as a speaking telephone receiver. 

Int. 449. Will you please designate the different receiving instru- 
ments of Mr. Gray, which you referred to in your last answer, by 
the names by which they have commonly been known in telephone 
litigation since the Bell patent ? 

Ans. I mean those instruments which have been called the “ wash 
basin,” the “tin-dipper,” and the “ blacking-box” receivers respec- 


tively. I understood that some of these instruments had been 


patented, but not which particular ones. | 

Int. 450. Referring now to the contrivance which you or Prof. 
Pickering rigged up, consisting of a sonometer circuit-breaker or 
tuning-fork circuit breaker at one end of your laboratory line, ff 
connected with an electro-magnet and tin box at the other, will you 
please state whether that apparatus as a whole was or was not used » » 
for the transmission of speech, or intended for the transmission of } 
speech ? 

Ans. The apparatus was neither used nor intended to be used “ 
for the transmission of speech. 

Int. 451. State whether it was by construction adapted for the 
transmission of speech. 


DEPOSITION OF CHARLES R. CROSS. 287 


* 

Ans. It was not at all adapted for the transmission of speech, 
and as a whole was quite a different apparatus from what any one 
familiar with physics would have devised for transmitting speech. 

Int. 452. Will you state whether the sounds which vou intended 
to produce and did produce by it were caused by mterruptions 
of current, or by electrical undulations similar in form to sonorous 
air vibrations produced at the transmitting station ? 

Ans. They were produced entirely by interruptions of the cur- 
rent. 

Int. 453. Will you state whether the apparatus was actuated, or 
intended to be actuated, by sound waves produced at the transmitting 
station ? 

Ans. It was not. 

Int. 454. Please state briefly what knowledge you had in 1872 
about the Reis apparatus and its mode of operation, and what atten- 
tion you had given to its merits or demerits. 

Ans. I have looked over all of the books bearmg upon the sub- 
ject which Thad in my possession or would have referred to previous 
to my 1872 lecture, and in which any description of the Reis telephone 
is to be found, The only deseription which I can have read previous 
to that time is the notice of the instrument given in Koenie’s Cata- 
logue of Acoustic Apparatus, and which is found translated on page 
581 of the Dolbear record. This was all that I knew about the ap- 
paratus, and if [ had heard anything from other sources, I learned 
nothing beyond what is given in this statement. © [ understood that 
it was not a success for the transmission of speech, and that it was 
very imperfect for the transmission of any sounds. [I had not studied 
its operation minutely, nor had I reached. any opinion as to why it 
wis so inefficient. We had in our collection of apparatus the 
Wertheim coil and core, which is substantially the Reis receiver. 
[ should say that to the best of my recollection, I thought of the 
Reis receiver as being electrically imperfect, rather than the trans- 
mitter, but did not consider the subject very seriously. 

Int. 455. Referring to your last answer, will you state how seri- 
ously you had then considered the subject of the Reis transmitter, 
and what could or could not be done by the mode of operation 


attributed to it? 
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Ans. So far as I can ascertain, my whole knowledge of the Reis 
apparatus did not exceed what is given in Koenig’s catalogue. I 
have carefully looked over my manuscript notes, which are exceed- 
ingly full, of all the lectures on acoustics which I had then heard, 
and I cannot find in them any reference to the Reis apparatus. 
I knew that the apparatus was on the whole a failure, and was, of 
course, familiar with Koenig’s statement as to the difficulties which 
were found in the operation of the transmitter, having had a copy of 
his catalogue in my possession for several years. I saw an acoustic 
difficulty in the Reis transmitter, as I thought that the membrane 
would not take up all of the sounds which were produced in the air. 
Having recognized this difficulty, I did not consider further the 


matter of the perfection or imperfection of the Reis transmitter. 


The statement given 1 Kcenig’s catalogue to which I refer is as 
follows: 


From KOE NIG’S “ Catalogue des Appareils d@ Acoustique,’ Paris, 
1865, page 5. 


“29. TELEPHONE OF M. REIS. 60 Fr. 


“This apparatus is intended to transmit sounds to a distance by 
means of electricity. It rests upon the fact demonstrated by the 
preceding apparatus. =| Zhe preceding apparatus was the Wertheim 
coil and core, which Leis uses for a receiver. | 

“At the first station the current traverses a little band of plat- 
inum, which is attached to a membrane in such a way as to follow 
all its movements, and of a very movable point which rests lightly 
upon this membrane. At the other station the current traverses a 
coil, at the centre of which is a bar of soft iron. If now, we pro- 
duce before the membrane a sound which causes it to vibrate, each 
vibration in pushing away the point from the platinum plate will pro- 
duce an interruption of the current. On the other hand, each meet- 
ing of the current will produce in the bar of soft iron at the second 
station, a momentary and weak sound. = It is the rapid and isochronous 
succession of these sounds, all acting as simple blows, which = pro- 
duces the continuous sounds that are heard. It is true that they are not 
of good quality, and that they cease from time to time. This comes 
from the fact that the membrane does not vibrate equally well for all 
tones, and because the manner in which the vibrations determine the 
interruption of the current by pushing the little point away from the 
plate, is far from being perfect.” 
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Int. 456. What views did you then entertain about the tin pack- 
ing box which you used as a receiver, as compared with the Reis 
knitting-needle receiver, or such modification of it as you had at the 
Institute in what you call the Wertheim core and coil? 

Ans. From the large surface of the plate and its known capacity 
of vibrating in many different ways, I inferred that the apparatus 
ought to make a better receiver than that of Reis. It seemed to me 
to be much better adapted to reproduce vibrations in general than 
was the Reis knitting-needle receiver. 

Int. 457. You were asked on cross examination about a_ state- 
ment which you made in a lecture about February, 1872. Will you 
please tell us what that statement was, and what led you to make it? 

Ans. The lecture was delivered at the time that preparations were 
in progress for the Peace Jubilee, as it was called, which was held 
in the summer of that year, and some of those present were interested 
in that exhibition. After exhibiting the tin-box apparatus, [ remarked 
that by a modification of the transmitter it would be possible to 
transmit the musie of the jubilee to different portions of the country, 
so that the audience need not come to the concert room. I also sug- 
gested that the singers might remain at their homes and their music 
be transmitted, and that it might be possible to transmit speech over 
the country. 

Int. 458. Did you suggest or Know of any means, method or 
apparatus by which that could be done, and if so, what? 

Ans. I did not. The only transmitting apparatus which LT had 
in mind was the Reis transmitter, if the difficulties which I under- 
stood were met with in operating it could be removed. My only 
definite thought was with regard to the receiving apparatus. 

Int. 459. Did vou have any ideas as to how those difficulties 
could be removed, or did your mind consider that subject ? 

Ans. I did not have any definite ideas. According to the best 
of my recollection, the difficulty seemed to me, as far as I had con- 
sidered it, to be the acoustic one that I have mentioned. Beyond 
this, I did not consider the subject. 

Int. 460. When and from whom did you first hear of the idea of 
creating and employing electrical undulations corresponding to sound 


waves as 2 means tor transmitting speech by electricity ¢ 
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Ans. From Mr. Bell. It was in the autumn of 1874, according 
to the best of my recollection. 

{nt. 401. Did he at or about that time, and during that fall or 
winter of L&74—5, state to you anything concerning the structure of 
the instrument which he proposed to employ in the transmission of 
speech, upon this plan? 

Ans. I understood that he wished to produce electrical waves 
which should be like sound waves in their form as well as in their 
number. These were to be produced in some way by vibrating a 
piece of iron in front of the pole of a magnet. 

Int. 462. Did he tell you how he proposed to vibrate this piece 
of iron, and by what kind of a contrivance ? 

Ans. As far as I can recollect, he proposed to set a membrane 
in Vibration by the voice and have the membrane actuate the piece 
of iron. 

Inf. 463. Did you form any opinion at that time as to the theo- 
retical perfection or imperfection of that plan for the transmission 
of speech? 

Ans. I thought that the instrument was theoretically perfect, 
but did not suppose that it would produce vibrations which would 
be strong enough to produce any effect on a receiver. 

Int. 464. When did you first try or see any one else try to trans- 
mit speech by electricity, and whose instrument was it that was 
tried ? 

Ans. In the spring of 1876, when Mr. Bell exhibited his tele- 
phonic apparatus at a meeting of the Society of Arts at the Institute 
of Technology. I first saw the apparatus on the afternoon preced- 


ing his lecture, which was given in the evening. 


Int. 465. When you used that packing box, which you described 


on your cross-examination, with the circuit-breaking tuning-fork, 
how much battery power did you apply to produce its vibrations ? 

Ans. Six Grove cells. 

Int. 466. When and how did you first come to believe that that 
packing box and magnet could produce audible and distinguishable 
articulate sounds under the influence of articulating electrical undu- 
lations, such as are produced by a good microphone? 


Ans. In 1879, when I first tried it, as I have described in my 


tA 
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deposition in the Harmonic Telegraph case. I had previously 


doubted whether the electro-magnet and box which I used were 
capable of reproducing speech with such currents as are given by a 
magneto telephone or a Blake transmitter, on account of the large 
size of the magnet and box; and I remember remarking, soon after 
the invention of Prof. Bell’s maeneto-receiver with an iron plate, 
that Prof. Pickering and I had been going in the wrong way in 
Increasing the size of our apparatus. 

Int. 467. Willa laree magnet and plate produce stronger and 
better or weaker and worse articulation under the influence of such 
currents than a small magnet and plate ? 

Ans. The articulation will be weaker and less distinct. 

Int. 468. If you take exactly the apparatus and arrangement 
which you had when you used that box, as stated in your cross- 
examination, can you or can you not, by the application of Mr. 
Bell’s method or any other that you know of, and with the aid of 
all your present knowledge and experience, transmit articulate 
speech by talking to the transmitter and listening at the receiver? 

Ans In June, 1885, I set up the original apparatus, usine the 
sume box, electro-magnet and forks that I used in my experiments 
of 1872 and 1878. T used six cells of Fuller battery, which is, elec- 
trically, substantially equivalent to the six Grove cells of my early 
experiments. 

With those forks which I used in 1872, [T used, as then, styles of 
brass forming one electrode, and dipping into a cup of mercury to 
complete the circuit. With another fork which IT used in 1873, I 
employed a platinum style. T placed the magnet, in my experimenfs 
with each fork, opposite the bottom and also opposite the end of the 
box. I placed the magnet, in the experiments with each fork, at 
the distance from the box at which. it wave the best results as to 
loudness of sound, when the fork was employed as a circuit-breaker ; 
and I algo placed the electro-maenet as close as it could be placed 
to the plate, without having the plate drawn into contact with the 
poles of the magnet through their attraction upon it. I tried very 
carefully with all of these adjustments to transmit speech by having 
a second person speak and shout loudly to the tuning-fork trans- 


mitter, while [ listened attentively in a quiet room, and with my ear 
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close to the receiving instrument to hear any sound which might be 
transmitted. I did not hear any speech or sound of the voice what- 
ever with any of the forks. Most of the forks of the transmitter ] 
adjusted myself, as I have always been in the habit of adjusting such 
circuit-breaking forks, with the brass or platinum electrode carried 
by the fork dipping by a very slight amount beneath the surface of 
the mercury when the fork was not in vibration. 

Int. 469. In the experiment just referred to, did you or did you 
not aid yourself by a telephone telltale line between the two sta- 
tions, and cause the whole operation to be conducted in the way 
best calculated to obtain speech from such an apparatus, according 
to your present knowledge and experience ? 

Ans. I did make use of a telltale line as an aid in adjusting and 
operating the apparatus. I also did my best with my present 
knowledge to obtain a transmission of speech by means of the 


apparatus. 


l Counsel for complaimants puts aT evrdence the diploma from the 


Hleidelberg University of Germany, to Alexander Graham Bell, 


conferring Upon i vii the honorary degree of Doctor of Medicine Ms and 
also a translation of the same. 

Ob jected fo as wminaterial and mncompelent, particularly re 22eU! of 
the fuct that no evidence is offered as to the conditions under which 
the said diploma mas secured, or as to the ACCUPACY of the alleged 
translation of the same. 

( founsel for complaimants also puts rN evidence (f certified COPY of 
an affidavit made by the late Georye Gifford, E’sq., filed in the case 
of American Bell Telephone Company v. John J. Ghegan in the 
Crreuit Court of the United States for the District of New Jersey. 


Objected to, as incompetent and inadmissible. | 


TRANSLATION OF MR. BELL’S HEIDELBERG DIPLOMA. 


May this event be fortunate. Under favor of the most august and 
~ ; 2 | 4 J > ° ‘ ° > 
powerful prince and lordly ruler, Frederick, Grand Duke of Baden, 
Duke of Zahringen, etc., the academy’s most stately rector, the 
stately vice-rector of the academy being that most renowned and 
illustrious man Immanuel Bekker, doctor of both laws, public pro- 
fessor in ordinary of Roman law to the Grand Duke of Baden, mem- 
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ber of the privy council, knight of the Order of the Lion of Zahrin- 
gen — we, the dean, senior, and other professors of the Order -of 
Physicians in the Ruperto-Carolina University of. Letters, at the 
time of our celebrating the five hundredth anniversary of the found- 
ing of our university, have duly conferred the honorary title of 
Doctor of Medicine, (and by this diploma authenticated by the seal 
of our order have borne witness thereto), upon that distinguished 
man Alexander Gr. Bell, a Scotchman, who as he conferred on man- 
kind the great and constantly increasing benefits of labor saved by 
his ingenious discovery of the telephone, likewise by his most accu- 
rately devised chronograph, not only aided physies in no ordinary 
degree, but also physiology, and furnished the medical profession 
«means of deciding important matters. 

Done at Heidelberg, in the Ruperto-Carolina literary University, 
August 5, 1886. 
Dr. GUIL. DELFFS Hi. tT. SENIOR. Dr. THEOD. pe DUSCH Hi. T. DECANUS. 
Dr. CAROLUS GEGENBAUR. Dr. VINCENTIUS GERNY. 
Dr. GUIL. KUEHNE. [SEAL ] Dr. FERD. ADOLF. KEHRER. 
Dr. OTTO BECKER. Dr. CAROL FURSTNER. 
Dr. JULIUS ARNOLD. Dr. GUIL. ERB. 


Adjourned, 
DecEMBER 18, 1886. 


[In view of the seventh objection of defendants’ counsel to the in- 


troduction in evidence of the notes of experiments in the Dolbear case, 
which relate to the eis apparatus proper, on the ground that they 
constituted only “f part of the record of the full experiments, counsel 
for complainants now puts in evidence all the rest of the notes so re- 
ferred to in the objection, fo be annexed to this deposition, and en- 
titled “ Notes of Experiments in the Dolbear case, relating to the use 
of Reis transmitter with modern magneto receivers, and of fers re- 
< U1 Crs WW ath 100 dey Pie carbon mie rophone tr ansmitter. i 

Defendants’ counsel objects to the introduction of the foregoing 
matter, for the six reasons first given by way of objection to the in- 
troduction of the previous matter from the Dolbear case. 

Int. 470. In the notes just put in evidence, and in your answer 
to Int. 38, which you have read from your deposition in the Dolbear 
case, reference is made to Magneto Receiver No. 9 and Magneto Re- 
ceiver No. 10, which were used with the Reis transmitter. What 
kind of magneto receivers were these ? 

Ans. They were modern magneto receivers, furnished with a per- 
manent magnet, a metallic diaphragm, and with a coil wound round 
that end of the magnet which is opposite the cage. 

N. J. MCDONOUGH ee: 
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Int. 471. Will you compare the Reis transmitter, described in 
the Reis publications, with any common modern microphone trans- 
mitter, and point out how the physical and mechanical features of 
each adapt it to perform its characteristic operations when operated 
under the ordinary force of the voice ? 

Ans. In the Reis transmitter the anvil electrode is of small mass 
and light, so as to be especially adapted for effecting a break in the 
circuit, while in modern microphone transmitters, as the Blake 
transmitter, the anvil electrode is of large mass and heavy, so as to 
be especially adapted for effecting variations in resistance without 
producing a break in the circuit. In the Reis transmitter the mate- 
rial of both electrodes is platinum, a substance which is especially 
adapted for use in a circuit-breaker, but which is not at all adapted 
for use in a microphone; while in modern microphone transmitters 
one or both of the electrodes are of carbon, a substance which is ad- 
mirably adapted for use as a microphone, but which is very poorly 
adapted for use in a circuit-breaker. 

Int. 472. You have in the course of your present deposition 
stated the results of experiments made by you as to the effect of 
breaks in a telephone circuit containing a battery. What, in your 
judgment derived from your experiment and observation, as well as 
from your knowledge of the sciences of electricity and acoustics, are 
the possibilities of the transmission of speech by any telephone ap- 
paratus having a battery in circuit, when the transmitter is so oper- 
ated as to make and break the electric current as often as once at 
each full or complete vibration of the diaphragm? I intend this 
question to be broad enough to cover the arrangement of the re- 
ceiver, either in the secondary circuit of an induction coil or in the 
primary circuit containing the transmitter and battery. 

Ans. In my judgment it would be absolutely impossible to trans- 
mit speech by any apparatus operated as suggested in your question. 


Cross Examination Pesumed. 


Cross- Int. 473. Would that result depend upon the fact that the 
battery current is interrupted as frequently as is assumed in the 


question, or upon the fact that the interruptions are effected by 
breaks in the circuit at the particular point where the electrodes are 


situated ? 
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Ans. In my opinion this result would follow whether the breaks 


occurred at the electrodes or at some other point in the circuit ; al- 


though in the former case certain additional disturbing elements 
would exist which are absent in the latter case. 

Cross- Int. 474. And in your judgment also it would make abso- 
lutely no difference whether the breaks occurred in the primary cir- 
cult of an induction coil, the receiver being in the secondary of such 
coil; or in a direct battery circuit connecting the transmitter and re- 
ceiver ? 

Ans. Other things remaining the same, I do not see why this 
should make any sensible difference ; assuming, of course, that the 
induction coil is one of the ordinary construction such as is used for 
telephonic purposes. 

Cross-Int. 475. Did you in your answer to Int. 471 name all the 
differences between a Reis transmitter and a common microphone 
transmitter, which vou deemed to be material ? 

Ans. I named those especially which I thought to be evident 
beyond all dispute, and of prime importance. — I cannot say that no 
other differences are material, though they are inconsiderable as com- 
pared with the two specified. 

Cross-Int. 476. I tind Cross-Int. 45 and the answer thereto of 


your desposition in the Dolbear case to be as follows : — 


“ Cross-Int. 43. In the great majority of all telephones now 
in use there is a very short battery circuit with an instrument 
in it, sometimes called a microphone transmitter, and sometimes 
‘alled a Blake transmitter, and sometimes called a battery transmit- 
ter. What, in your opinion, are the substantial differences between 
such a transmitter and Exhibit Reis Transmitter?’ Please name all 
that. you believe to be substantial. 

Ans. The Blake transmitter has a metallic diaphragm; the Reis 
instrument has a membrane diaphragm. The Blake transmitter has 
a narrow space in front of the diaphragm, between it and the mouth- 
piece ; the Reis transmitter has a long speaking tube, and a cubical 
box between it and the membrane. The Blake transmitter has a 
heavy anvil electrode; the Reis apparatus a very light anvil elec- 
trode. The Blake is also furnished with an induction coil, though 
this is not essential; the Reis has no such induction coil. . 

In the Blake the rear face of the diaphragm and the electrodes are 
protected from disturbance due to’ extraneous vibrations by being 
completely ciosed within a box; in the Exhibit Res transinitter, 
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these electrodes are open to the air, although from the appearance 
of the instrument there may have been a glass cover placed over the 
electrodes. 

The Blake transmitter is arranged so that the voice of the speaker 
acts directly upon the membrane without the intervention of any 
long speaking tube; in the Reis instrument the speaking tube is 
several inches long. 

Did you so testify in that case, and do you still entertain the views 
there set forth? 

Ans. I did so testify. I did not in that answer mention the dif- 
ference in the material of the electrodes which I then thought, as I 
now think, to be very material. I must have omitted to mention it 
in my answer In the Dolbear case accidentally. With this addition, 
I still hold the views set forth in that answer. 

Cross-Int. 477. Collating your said answer in the Dolbear case, 
with your answer to Int. 471 in the present case, I understand you 
to point out the following material differences between the Reis trans- 
mitter and what you call the common microphone transmitter : — 

1. That the former has a membrane diaphragm, and the latter a 
metallic diaphragm. 

2. That the former employs metal electrodes, and the latter at 
least one carbon electrode. 

3. That the former has a very light anvil electrode, and the lat- 
ter a heavy one. 

4, That the former has no induction coil, and the latter, in some 
forms, has such coil. 

5. That the former in the cubical box form has a long speaking tube 
and a cubical box between the tube and the membrane, while the 
latter has a narrow space in front of the diaphragm between it and 
the short mouthpiece. 

6. That in the latter the rear face of the diaphragm and the elec- 
trodes are protected. from disturbance due to extraneous vibra- 
tions by being completely enclosed in a box; while in the former, in 
some forms at least, the electrodes are open to the air. Do you find 


that any one of these material differences between the Reis trans- 


mitter and the ordinary commercial telephone is pointed out in Mr. 


Bell’s patent of 1876? 
Ans. I find no specific reference to any one of them. 
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Cross- Int.478. In answering the last question you added, after the 
sentence which stands as your answer thereto, the following words, to 
wit, “I wish to observe, however, that these differences in them- 
selves are mechanical in their nature.” These words were taken 
down by the examiner, und then, at your request, erased. Please 
explain why you thought it necessary to add that sentence to your 
first statement, and why you erased it. 

Ans. My reason for adding the sentence was that I could see no 
reason for expecting matters of this kind to be mentioned in the first 
Bell patent which deals with a method and the general construction 
of apparatus for carrying out that method, rather than with specific 
details. [also thought of calling attention to the fact that Jit. 471 es- 
pecially called my attention to physical and mechanical differences 
which tended to produce a certain effect. I did not wish to make a 
long statement which was not a portion of a direct reply to the ques- 
tion. Itherefore tried to express the underlying idea which [ had, ina 
short sentence. When I had framed this sentence, I saw that 
although true as stated, it was nevertheless susceptible of gross mis- 
interpretation, and I therefore asked to have it removed from my 
answer. 

| Leecess. | 

Ovoss- Int. 479. What is the lightest electrode that can be used in 
a microphone transmitter for transmitting speech? 

Ans. This question is not susceptible of a catagorical answer. 

Cross-Int 480. What is the lightest electrode that you have 
ever known to be used in a microphone when speech was being suc- 
cessfully transmitted ? 

Ans. I cannot say. 

Cross-Int. 481. Give the best estimate that you can? 

Ans. Ihave known speech to be reproduced by a Reis cubical 
box transmitter In connection with a magneto receiver, the transmit- 
ter being used as a microphone. The weight of the anvil electrode 
in this case was 16.2 grains. I once used as an anvil electrode a 
small piece of tin foil, which I think weighed less than this. In 
both cases particular care had to be taken to avoid the tendency to 


break the circuit due to the small mass of the electrode. 


Cross-Int. 482. Do you not know of some form of microphone in 
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which if the anvil electrode be made of carbon, and the diaphragm 
be made of suitable thickness, a much less weight of electrode than 
16.2 grains would suffice for the practical transmission of speech ? 

Ans. I do not recall any instrument constructed as you describe. 
[ do not doubt, however, that with care I could succeed in transmit- 
ting speech experimentally with a considerably lighter electrode 
than the one whose weight I have stated, if of carbon. 

CUross-{nt. 483. Does Reis anywhere state how heavy the elec- 
trode of his cubical box instrument is to be? 

Ans. He does not state explicitly. The weight which I men- 
tioned is that of a transmitter which was made in Germany, and, if 
my recollection is correct, by Albert, who worked under Reis’s 
direction. 

[ All of the foregoing answer, ufter the word “explicitly” is objected 
to as not responsive to the question, and as immaterval. | 

Cross-Int. 484. From parts of your present deposition I under- 
stand you to hold that if the transmitter of a microphonic telephone 
be so actuated by sound waves as to cause electrical undulations 
substantially similar in form to such sound waves, the apparatus and 
its mode of operation will be within the scope of the fifth claim of 
Bell’s first patent, even though the apparatus is not sufficiently sen- 
sitive or otherwise sufficiently perfect to transmit speech. Now, do 
you also hold that so long as the electrodes of a microphonic trans- 
mitter when subjected to the action of sound waves preserve contact, 
the current on the line will be put into undulations substantially 
similar in form to the sound waves acting on the transmitter ? 

Ans. I should suppose that this would be the case, though when 
the pressure is very slight such deviations from the law of ordinary 
microphonie action might occur as to prevent the electrical undula- 


tions from being similar in form to the sound waves. That is — 


they might be so distorted that we could not properly call them sim- 


ilar in form. 

Oross-Int. 485. Did you intend this to be an affirmative or a 
negative answer? | 

Ans. Affirmative as a whole; though I wished to call attention tc 
the existence of some special and peculiar cases. 

Cross-Int. 486. Then, if I understand you, there are some cases 
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in which a microphone when so acted on by sound waves, as not to 
cause the electrodes to break contact, will, nevertheless, so shape the 
electric current on the line, that it will not consist of undulations 


similiar in form to the sound waves? 


Ans. There are some cases, as when the pressure is exceedingly 
9 = 4 


light, and the air waves so strong that the breaking point is 
approached, though not reached, in which very considerable distor- 
tion of the electrical undulations occurs. This may take place to 
such an extent that speech is not recognizable. ‘This is the action 
which I intended to point out in my answer to C’ross-/nf 484. 

Cross-Int. 486. I suppose you intended by your answer to Int. 
434, to vive it as your opinion that Reis intended his electrodes to 
break once for each full vibration of the diaphragm, corresponding 
to the fundamental of a given sound, and not to break for those 
moditications of the vibration produced by, or corresponding to the 
overtones ? 

Ans. I did. 

Oross- Int. 487. Do you also hold that with each break of con- 
tact between the Reis electrodes, the receiving magnet was to be 
demagnetized ? 

Ans. This is the statement made by contemporary writers, whose 
publications have been put in evidence in this ease. I suppose, 
therefore, that Reis designed that this magnetization and demagneti- 
zation should occur. 

Cross-Int. 488. By this, do you understand that the demagneti- 
zation was to be complete ? 

Ans. Inasmuch as Reis, in some cases, speaks of using a steel 
needle for his receiver, which he must have known would retain a 
large amount of permanent magnetism, I suppose that what he and 
others describing his apparatus mean by “ magnetization and demag- 
netization,” is a sudden rise to a much more strongly magnetized 
state on the making of the circuit, and an equally abrupt falling off 
in the magnetization back to the original amount on the rupture of 
the circuit. 

Oross-Int 489. But in all cases, as you understand it, the needle 
was to return to its original or normal magnetic condition with each 
break. Do you so hold? By “normal magnetic condition” I mean 
jts condition when the circuit is permanently broken. 
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Ans. ‘That I understand to be the action described by contem- 
porary writers in treating of the Reis apparatus. 

Cross-Int. 490. And not by Reis himself? 

Ans. I do not tind this distinctly stated in any article written by 
Reis himself. In his letter to Ladd he says that “the steel axis at 
Station B will be magnetic once for every full vibration.” 

Cross-Int 491. Now do you understand that the magnet of 
Reis’s receiver would in fact return to its normal magnetic condition 
at each break of the circuit; assuming the breaks to occur once for 
each full vibration of the diaphragm under the action of sound waves 
generated by ordinary speech ? 

Ans I cannot say certainly, as this would be influenced by 
numerous circumstances, especially by the length of the break. If 
the break were as long as I have judged it to be in my answers to 
Cross-Ints. 304 and 305, I should think it would. If the breaks 
were very short I should think it very doubtful if it would entirely 
return to its normal condition. The material of the wire whether 
steel or iron, would also produce differences. 

Oross-Int. 492. Have you ever experimented with a Reis-Legat 
receiver ? 

Ans. I think that I tried a few experiments with one a great 
while ago, but I have a very indistinct remembrance of them. 

Oross-Int. 493. Have you ever transmitted speech with a micro- 
phone instrument when the electrodes were so adjusted as not to be 
in contact at all? 

Ans. Not by microphonic action with such a transmitter. I have 
produced «a powerful electric are between such electrodes, using 
a strong current with a battery of from forty to sixty cells, and 
readily transmitted conversation in this manner. Whent hus used, 
the electrodes never came into contact. 

Oross-Int. 494. Do you know where Professor Pickering lives 
at the present time ? 

Ans. Ido; at the Harvard College observatory, Cambridge. 

Cross-Int. 495. Have you read the diploma of Mr. Bell, which 
has been put in evidence during your examination ? 

Ans. I have not. 

Cross-dnt. 496. Uave you read the translation of the same which 


. 
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Ans. Ihave not. 

Cross- Int. 497. Please do so now, and state, if you know, what 
the invention or apparatus is which is referred to in that document 
under the name of “chronograph.” 

dns. | suppose it must be Mr. Bell’s form of the induction 
balance. 

Oross- Int. 498. Do you regard the term “chronograph ” as prop- 
erly descriptive of the induction balance ? 

Ans. I do not, in English. 

Cross: Int. 499. Was the principle of Bell’s induction balance 
materially different from other induction balances of earlier date 7 

Ans. Not materially. It differed in details only. 

Cross-Int. 500. Did not Bell’s principal feat with his induction 
balance, consist in wrongly locating the ball in Garfield’s body ? 

Ans He made the same mistake that the physicians did. 

Cross- int. 501. You have referred in your redirect testimony to 
certain conversations with Mr. Bell which you think may have taken 
place in the winter of 1874 and 5, and relating to the electrical trans- 
missiow of speech,— iid you make and have you preserved any mem- 
orandum of those conversations ? 

Ans I did not make any such memoranda. 

Oross-Int. 502. If defendants should desire would you be willing, 
for proper compensation, to furnish a duplicate of the mechanism 
with which you performed your experiments in 1872, about which 
you have testitied 7 

Ans. I should be perfectly willing to do so, or to lend them the 
originals, except at such times as I had occasion to use the tuning- 
fork. 

Cross- Int. 503. In your testimony about Prof. Dolbear’s experi- 
ment~ with the Reis instruments, you say “Prof. Dolbear heard 
‘Mary had a little lamb’ three times, and ‘ Mary had a little © once. 
At the time when he thought he heard these words no such phrase 
was uttered into the transmitter.” Did you intend that last statement 
to apply to the four utterances in front of the transmitter ? 

Ans. ] did. 

Cross- Int. 504. Do you not understand that Prof. Dolbear dis- 
putes the correctness of this statement of yours. 
(N. J. MCDONOUGH. ) 
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Ans. 1 did not know that such was the case. My recollection ts, 
with regard to certain of these repetitions that we discovered the true 
state of the case at the time. I cannot say, however, after this in 
terval of time that we then discovered this to be true of all four 
utterances, but this was what I made out from the reports and in 


connection with my own notes and recollections, to have been the 


case, immediately after the experiments, before I gave my deposition 


in reply 
| Adjourned. | 
DECEMBER 28, 1&8b. 
~ Crass- Int. 505. Referring to Bell’s Heidelberg diploma, what 
leads you to suppose that the invention therein referred to as a 
“chronograph” was “ Mr. Bell’s form of the induction balance,” as 
asserted in your answer to Cross-Int. 497 ? 

Ans. I knew of no other instrument of Mr. Bell’s which it was 
especially intended to employ in physiological investigations ; and 
realizing fully the difficulties which the faculty of the literary 
university had to contend with in finding in any dead language suit- 
able terms to designate modern inventions, I assumed that they 
chose the best terms that they could find for their purpose. There 
is, of course, a time element which comes in, in the operations of the 
induction balance, and the term “chronograph” has frequently been 
used as synonymous with “ chronoscope” in cases where there is no 
graphical record made. 

Oross- Int. 506. Did you ever know this term “ chronograph ” to 
be applied to the induction balance by other persons than possibly 
the learned medical faculty of the Heidelberg University when con- 
ferring their diploma on Mr. Bell? 

Ans. Ihave not. 

Cross-Int. 507. Isthere not a piece of apparatus well known to 
physical laboratories, to which the term “ chronograph” is applied, 
and which is not an induction balance ? 

Ans. There ts. 

C'ross-Lnt. 508. How long has such heen the case ? 

Ans. For perhaps tifty years the term has been used. Such 


apparatus hus been in use for at least eighty years. 
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Cross-Int. 509. So far as you know, did Mr. Bell ever invent 
such a chronograph ? 
Ans. Ihave no knowledge of anything of the kind. 


Uross-Int. 510. Would you not regard it as an incorrect use of 


scientific language to apply the term “chronograph” to the induc- 
tion balance ? 

Ans. I should, in English, as I have already said in my answer 
to Cross-Int. 498. 

Cross-/nt. 511. In what language, in your opinion, would it not 
be incorrect thus to designate the induction balance ? 

Ans. In no modern language with which I am acquainted should 
I regard this to be correct. I suppose it must be correct in Latin, or 
else the Heidelberg faculty would not have employed it. 

Cross-Int. 512. When did you first see a pair of instruments 
made like those that are shown in Fig. 7 of Bell’s first patent ? 

Ans. Late in May or early in June of 1879. 

Cross-Int. 518. Did you know, or have you ever heard, of any 
such instruments being made prior to that date ? 

Ans. I have no knowledge on that point: nor do I recollect hav- 
ing heard of any such instruments prior to the time mentioned. 

Cross-Int. 514. Have you ever seen a contact transmitting tele- 


phone so organized that the electrodes would with certainty break 


contact once, and but once, for each vibration of the diaphragm ? 


Ans. Ihave used a Reis transmitter, which appeared to operate 
in this manner, so far as I could judge from the effects that it pro- 
duced. Of course, I cannot say that it never missed breaking, or 
that it never broke more than once during a single vibration; but at 
the time I felt confident that it operated substantially after the man- 
ner supposed in your question, and I have seen no reason to change 
my opinion. 

Cross-Int. 515. Now, don’t you know that it was absolutely 
impossible for you to determine, in the particular experiments to 
which you refer, whether the breaks were equal in number to the 
vibrations of the diaphragm? In other words, did you have any 
means at that time of counting the number of breaks and comparing 
it with the number of vibrations ? 
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Ans. | will answer your two questions separately. To the first, 
I will reply — I do not. 

As to the second — I did have at the time means by which T think 
I could have determined the question absolutely, if I had been study- 
ing the particular matter to which you refer. My reason for the 
conclusion which [ have stated is, that the pitch of a note sung by the 
voice was reproduced, there being an apparently continuous series 
of sparks at the transmitter, and the quality of the sound at the 
receiver being of that peculiar nature which is given when the cir- 
cult is manifestly broken by a transmitter not operated by the voice. 
The fact that the pitch was reproduced, appears to me to show that 
the cireuit is broken substantially once at every full) vibration, 
although it is certainly quite possible that breaks were occasionally 
missed. My reason for supposing that the breaks did not in general 
occur more frequently than T have supposed, lies in the fact that the 
quality of sound was substantially the same as that which is produced 
by a circuit-breaker, so constructed that it cannot break the circuit 
with greater frequency. At the same time, I wish it to be under- 
stood that the experiments which [| have in mind were not con- 
ducted with a view to studying the particular question which you 
propound. 

Cross-Int. 516. Might you not have had the pitch of the sound 
reproduced, if there had been no breaks whatever ? 

dis. Feebly, by microphonic action— yes; not, however, by 
any possibility with the loudness and quality which I obtained. 
However, in the experiments to which I refer, there were breaks, as 
manifested by the sparks as well as by the character of the sound 
heard at the receiver. 

Jross-Int. 517. What did the sparks show as to the number of 
these breaks ? 

dns. They showed that they succeeded each other so rapidly as 
to appear to the eye like a continuous light: thus showing that the 
number was very considerable, though not necessarily equal to the 
number of the vibrations of the diaphragm. They show that the 
breaks occur with a certain regularity ; and when I have studied this 
phenomenon with a revolving mirror, which I did not employ in the 


particular experiments that I have been describing, I have found 
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that the sparks came at equal intervals of time, provided the circuit- 
breaker used was adjusted with this end in view. 

Cross-Int. 518. Was there in those experiments any variation m 
piteh of the reproduced sound, as compared with that of the 
original ? 

Ans. In the experime:ts which [T have in mind there was no 
such variation. In experiments in which any form of circuit-breaker 
acts upon a receiving telephone, the high upper partials which are 
produced will sometimes almost drown the fundamental, so that the 
reproduced note might almost seem higher than the original note. 

Cross-Int 519. This latter phenomenon, as [T understand you, 
did not occur in the particular experiments that you have been testi- 
fying about ? 

Ans. There were, of course, high overtones, but they did not 
prevent the reproduction of the pitch, nor my recognition of it. 

Cross-dnt. 520. Do you mean to say that they did not produce 
any variation in the pitch? 

Ans.. I do. By the pitch of the note, I mean, of course, the pitch 
of the fundamental, as LT have explained in my quotation from 
Donkin’s acoustics in my answer to Int. 7. 

Ovoss-Int. 521. In the experiments testified to by you in the 
(shegan case, in which by means of a break wheel you interrupted 
the primary circuit of a telephone, using an induction coil, nine or 


ten times # second. and yet got “ speech transmitted clearly,” was 


— 
Gia 


the pitch of the sounds of the voice reproduced ? 


Ans. It was. 

Cross-Int. 522. How was it in those other experiments testified 
to by you in the Ghegan case, in which you broke a magneto cir- 
cuit nine hundred times a second, and yet got speech reproduced — 
was the pitch of the sounds of the voice reproduced ? 

Ans. It was. 

Cross-Int. 523. In that first set of Ghegan experiments the 
breaks, I suppose, were very much less numerous than the vibra- 
tions of the diaphragm ? 

Ans. They were. 


Cross-Int. 524. And in the other set of Ghegan experiments the 
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breaks were much more numerous than the vibrations of the dia- 
phragm; were they not? 

Ans. Much more numerous than the fundamental vibrations. 

Oross- fat. 525. And do you still think that in your experiments 
with the Reis instrument, last above testified to by you, the reproduc- 
tion of the pitch of the original sounds was proof that the breaks 
were just equal in number, or substantially equal in number, to the 
fundamental vibrations of the diaphragm ? 

Ans. I do. 

Uross-Int 526. Do you know of any other mechanism than the 
Reis telephone, in which you can with certainty break contact  be- 
tween the electrodes once, and once only, for each fundamental 
vibration of the diaphragm ? 

Ans. I think that this could be done with some forms of circuit- 
breaking transmitter, somewhat similar in construction to a Blake 
transmitter, but furnished with platinum electrodes under a very light 
normal pressure. 

Cross-Int. 527. Have youever seen or used such an apparatus? 

Aus. IT have tried some experiments, though not a very great 
many, With such an apparatus. It was not constructed with a view 
to test the matter regarding which you are inquiring. 

Cross-Ini. 528. In the Reis experiments that you have now been 
testifying about, and in which you assert that there was substantially 
one break for each full vibration of the diaphragm, you assert, among 
other things, that “there were, of course, high overtones ” in the re- 
produced sound. How do you explain the presence of these over- 
tones in the reproduced sound ? 

Ans, According to a well-known acoustic principle, they arise 
because of the ‘sudden impulse which is given to the receiver at the 
moment of making the circuit, and the sudden release which is given 
to it at the moment of breaking the circuit. This condition is uni- 
versally recognized as producing high upper partials. They are 


equally observed with a tuning-fork circuit-breaker, although no 


partials are present in the sound of the fork itself. 


Direct Hxamination resumed. 


Int. 529. Referring to Cross-Int. 515 and Cross-Int. 516, and 
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your answers thereto, what is the scientific value of the agreement 
between the pitch of sounds given out by a Reis receiver and the 
pitch of sounds simultaneously uttered into the Reis transmitter, as a 
criterion for determining the number of breaks produced by separa- 
tion of the electrodes of the transmitter, when taken in connection 


with the characteristic differences in the loudness of sounds produced 


by a rapid succession of magnetic clicks in the receiver, as compared 
with the feeble sounds resulting from true microphonic action ? 
Ans. It seems to me that the fact that the pitch of the sound 


given out by the receiver is identical with the pitch of the sound 


actuating the membrane of the transmitter is sufficient to show that 
the circuit is broken once for each full vibration of the transmitter, 
since the pitch of a sound is determined entirely by the rate of vi- 


bration. And if, the number of breaks per second at the transmitter 


was not substantially the same as the number of full vibrations of 


the diaphragm, the pitch at the receiver would differ from the pitch 
of the sound acting upon the transmitter. I assume here that the 
sound is actually produced by breaking the circuit, and not by 
microphonie action. That this was the casé in the experiments 
referred to, is shown by the fact that the loudness and the quality 
of the sound at the receiver were such as to show unquestionably 
that the action was a circuit-breaking and not a microphonic one. 

Int. 530. Is the pitch of a sound employed as a criterion for 
determining the rate of recurrence of other phenomena in physical 
science ; and, if so, will you give some familiar example analogous 
to that under consideration ? 

Ans The pitch of a sound is frequently thus emploved. <A 
familiar illustration is found in the well-known toothed wheel of Sa- 
vart, in which a musical sound is produced by the striking of the 
teeth of the rapidly revolving wheel against a piece of curd. A 
somewhat analogous method has been used to determine the rapidity 
of revolution of the revolving mirror used in Foucault’s experiments 
to determine the velocity of light. 

Int. 531. In your answer to Cross-Ints. 518 and 519, reference is 
made to the high upper partials which are produced by a circuit- 
breaker in the receiver. Are these high overtones due to the action 
of the receiver itself, or are they in the nature of transmitted sounds ? 
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Ans. They are due entirely to actions gomg on in the receiver 
itself. 

Jnt, 5382. In your answer to Cross-Int. 493, you say that you have 
transmitted speech with a microphone instrument when the electrodes 
were so adjusted as not to be in contact at all, by producing between 
them a powerful electric arc, due to the use of a strong battery cur- 
rent; and you say that the speech transmitted by such apparatus was 
not due to mieropbonic action. Will vou describe the experiment, 
and state by what mode speech was transmitted with it? 

Ans. The transmitter which I used emploved two electrodes of 
hard carbon, one of which, the hammer electrode, was firmly 
attached to the metallic diaphragm, while the other, the anvil elec- 
trode, was carried by a stiff metallic spring somewhat like the spring 
eurying the anvil electrode in the Blake transmitter, but much 
heavier. The pressure between the electrodes, or the distance of 
one electrode from the other, could be varied by means of a screw 
arranged to xct something in the same manner as the adjusting screw 
acts in the Blake transmitter. This transmitter was placed in cir- 
cuit with a Grove battery of from forty to sixty cells in series, the 
circuit also including the primary of an induction coil. The re- 
ceiving telephone was placed in the secondary circuit of the 
induction coil in the ordinary manner. On bringing the eleetrodes 
into contact, and then allowing them to separate, an electric are 
was formed between them. By means of the adjusting screw the 
leneth of the are was gradually increased until it lost the charac- 
teristic hissing noise which is characteristic of a short are, and 
became very quiet. Under these circumstances, when [spoke 
against the diaphragm of the transmitter, the resistance of the are 
was varied by the vibrations of the hammer electrode, so. that 
electrical undulations were set up in the circuit. A person listen- 
ing at the receiver was then able to understand perfectly and 
without difficulty sentences which I spoke into the transmitter. 

fit. 533. You have stated that this action was not microphonie. 
What, in vour opinion, was its mode of operation, and to what class 
of telephone transmitters, if to any, Was it analogous % 


Ans. The most natural explanation is that the resistance of the are 


is varied by the alternate approach and recession of the electrodes, 
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in which case the are transmitter is a form of variable resistance 
battery transmitter. It is quite possible that there are other ele- 


ments of variability concerned, but this particular point I have not 


especially investigated. 
Int. 534. In the course of this experiment, did you try the same 


transmitter with various adjustments of the electrodes, both in con- 
tact and out of contact: and if so, how did the instrument behave 
under these varying conditions. 

Ans. I tried the instrument with the electrodes in contact and 
under various pressures.  [ found that [ could transmit speech 
microphonically, the sound becoming louder when the pressure was 
somewhat diminished. When T diminished the pressure very con- 
siderably, the action of the current itself tended to set up a spon- 
taneous accidental vibration of the electrodes, which is often noticed 
in ordinary transmitters, and which injured the articulation ; although 
it did not prevent the transmission of speech. Speech was trans- 
mitted without difficulty, even when under the reduced pressure the 
carbons were heated red-hot at the points of contact. So long as I 
used a moderate tone of voice under this adjustment, speech was 
transmitted with merely the frying noise to which I have alluded, and 
which is often heard with ordinary teiephones. — If, however, I raised 
my voice so as to cause the electrodes to part contact, though not 
breaking the current, an electric are was formed and extinguished 
between the electrodes, as these parted contact and again came 
together. The fact that the arc was formed was evident from the 
brilliant light which then appeared, the room being somewhat dark. 
Simultaneously with this, loud noises were heard in the receiving 
telephone, due to the break in contact between the electrodes, and 
speech was entirely obliterated. 

On adjusting the electrodes so that they were permanently out of 
contact, and then momentarily bringing them together and releasing 
them, an electric are was formed between them. This are being 
short, was of the unsteady, noisy character which ts ordinarily known 
aus a whistling arc. With such an are, there were continued loud 
noises in the receiving telephone due to trregularities in the are itself, 
so that I was unable to transmit speech under these circumstances, 
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On increasing the length of the are it passed from the whistling into 
the silent condition, the extraneous noises in the receiving telephone 
disappeared, and I was able to transmit speech readily. 

In some experiments I have substantiated the evidence which the 
eye gives, that an are was formed when [had the electrodes in very 
light contact and spoke to them loudly enough to break the contact 
by placing a high resistance galvanometer, known as a potential gal- 
vanometer, with its terminals attached, one on the one side, the other 
on the other side of tne contact joint of the electrodes. Whenever the 
bright light was observed, which I have ascribed to the formation of 
an are, and simultaneously with which loud noises were heard in the 
receiving telephone, I observed a sudden deviation of the needle of 
the galvanometer which indicated an increased resistance in the 
circuit, such as the formation of an are would give. It is evident 
from the conditions of the experiment that the main current was not 
actually broken. 

Int. 535. During the intermediate positions of adjustment of the 
electrodes, from the condition of actual contact between them to the 
condition of their separation far enough apart to form a quiet are, 
what was the character of the resistance of the circuit at that place 
in respect to steadiness or irregular fluctuations ? 

Ans. The resistance of that part of the cireuit under those cir- 
cumstances was very variable, the are being exceedingly unsteady 
and noisy. 

Int. 5386. And what relationship had this variability of resistance 
and accompanying noises to the incapacity of the instrument in that 


condition to transmit speech ? 


Ans. The electrical undulations which are necessary to transmit 

speech were entirely broken up by the irregular electrical pulses 

produced by the accidental fluctuations of the are. } 
Int. 537. How does the distance between the electrodes neces- 


sary for the formation of a quiet arc compure in extent with the ex- 

treme amplitude of vibration of «a microphone transmitter while 
transmitting speech by microphonic action ? 

For the formation of a quiet are the electrodes ought to be { 


something over 44, say jj; of an inch apart. It is immeasurably 


ANS. 
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greater than the extreme amplitude of vibration in- microphonic 
action. 

Int. 538. Judging from your experiments and from your knowl- 
edge of the principles of electricity and acoustics, what is the possi- 
bility of the transmission of speech by any transmitter in which the 
electrodes part contact at every fall vibration of the diaphragm, even 
though the current be strong enough to remain unbroken by reason 
of its bridging the space between the electrodes with an are? 

Ans. All of the experiments which I have tried or heard of have 
led me to the conclusion that speech cannot be transmitted by such 
an instrument as you describe.  [ should be led to the same conclu- 
sion from my knowledge of electrical and acoustic principles. 

Int. 539. In your answer to Cross-int. 318 you have said that the 
total electro-motive force in the cireuit of an ordinary telephone is 
somewhere about 1,°, volts. About what electro-motive force is 
needed to produce a practically continuous electric arc; such an are, 
for instance, as would be silent enough to talk through 7? 

Ans. Not far from fifty volts, I should say, for such a silent are ; 
though less than this fora whistling arc. Perhaps twenty-five volts, 
or somewhat less, would be necessary for the continuous whistling 
are. 

Int. 540. Inthe year 1882, as appears from certain printed pub- 
lications, Prof. James Blyth, of Edinburgh, deseribed before the 
Royal Society certain experiments which he had made in talking 
through an electric are with an apparatus constructed as follows :— 

A small cylinder of carbon, having a hole bored through it axially, 
was firmly fixed in a metal tube. A cylindrical solid rod of carbon, 
with a pointed conical end projecting toward the bore of the tubular 
carbon cylinder, and having its axis in the same line, was held by 
another metal tube through which it passed tightly. The rear end 
of this carbon rod was embraced by a socket on the end of a serew in 
the same line, passing through a metal standard and having a milled 
head, so that the carbon rod could be moved longitudinally toward 
and from the carbon tube. The metal supports of the carbon rod 
and carbon tube respectively were insulated, and the carbons them- 
selves were put in cireuit with a magneto telephone and a battery of 


twenty Grove cells. Experiments were made by talking into the 
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vpen end of the carbon tube, to which was connected a flexible rub- 
ber tube provided with a mouthpiece. During these experiments 
the point of the carbon rod was adjusted in various positions with 
relation to the opposed end of the carbon tube; the point of the car- 
bon rod being sometimes pushed forward, so as to enter the bore of 
the carbon tube far enough to bring the carbons into contact, and 
sometimes withdrawn, so as to keep the carbons entirely separated. 
Did you ever experiment with a similarily constructed apparatus, 
and if so, with what results ? 

Ans. I have experimented with such an apparatus. Tn order to 
he able to use a sensitive telephone receiver T placed the receiver im 
the secondary of an induction coil whose primary was in the direct 
battery circuit. When the electrodes were in contact, | could trans- 
mit speech by ordinary microphonic action: and this whether T used 
a single Grove cell, twenty Grove cells, or forty Grove cells. 
The sound was not very loud, however, as the instrument is very 
poorly fitted to act in this way. When TI diminished the pressure, 
sound was still reproduced microphonically, though the portions of the 
carbon in contact erew red-hot. At about this pressure more or less 
of the frying noise was heard in the receiver. When the pressure 
was still further diminished, ares were apparently formed very fre- 
quently when the instrument was strongly spoken to, and very loud 
noises were heard in the telephone. When these were frequent, 
speech was obliterated. Using forty cells of battery and separating 
the carbons still further, a whistling are was produced, but it was im- 
possible to transmit speech by means of it. On increasing the 
length of the are still further it became silent, and speech was then 
transmitted without difficulty. 

Inf. S41. What are the practical disadvantages of using a mag- 
neto telephone as a receiver in the same circuit with a battery power- 
ful enough to produce an are, as was done by Prof. Blyth in his 
experiments 7 

Ans. A very heavy wire must be used to carry the current, so 
that only a comparatively small number of turns can be employed, 


and the instrument probably will not be sensitive. 
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Cross Huwamination resumed. 


Cross-Int. 542. How close or tight contact can be made between 
the electroes of a contact transmitter without destroying the capac- 
itv to transmit speech ? 

clns ‘The question is not susceptible of an exact answer, because 
the loss of articulation is gradual, the sound simply becoming 
fainter and fainter. It is possible to transmit speech with one 
electrode tightly screwed up against another, but I have never 
attempted to measure the pressure under these circumstances. 


Cross- dnt. 548. What other effect is produced upon the capacity 


of the instrument to transmit speech by increasing the intimacy of 


the contact between the electrodes through the medium of a screw, 
whereby one electrode may be screwed tightly up against the other, 
hesides that which you have named, to wit: that the reproduced 
sound grows fainter and fainter as the pressure is increased ? 

Ans. I do not recall any other effect. 

Uross-Int, 544. Can you give any clear idea as to how tightly 
you clamped the clectrodes in the experiments deseribed in your 
answer to Int. 497 

Ans. I can not, beyond the fact that they seemed firmly clamped 
together, so that I could not separate them from each other in the 
experiment described in my answer to which you refer. 

[ Adjourned. | 

DECEMBER 29, 1886. 


Cross-Int. 545. In your answer to Int. 538, you express the opin- 
ion that speech cannot be transmitted “by any transmitter in which 
the electrodes part contact at every full vibration of the diaphragm, 
even though the current be strong enough to remain unbroken by 
reason of its bridging the space between the electrodes with an are.” 
Please state whether speech can be transmitted by a transmitter in 
which the electrodes part contact, but less frequently than once for 
every full vibration of the diaphragm, and irrespective of whether 
the current be or be not strong enough to bridge the space between 
the electrodes during the break. 

Ans. Anoccasional break in either of these cases will not pre- 
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vent the transmission of speech. As such breaks become more fre- 
quent, articulation is interfered with, and finally destroyed. I am 
assuming that the electrodes considered are such that they act mi- 
crophonically during the time that they are in contact. 

Cross- fit. 546. Supposing the breaks to become more frequent 
than one for each full vibration of the diaphragm, what effect will be 
produced thereby upon the capacity of the instrument to transmit 
speech ? 

Ans. I should say that the effeet would not be materially differ- 
ent, whether the electrodes broke contact once at each full vibration 
or more frequently than this, so far as the transmission of speech is 
concerned, 

Cross-Int. 547. In one of Prof. Hughes’ articles on the micro- 
phone, offered in evidence by the complainants, I find the following 
statement : — 

“The molecules at these surfaces [the surfaces of contact] being 
in a comparatively free state, although electrically joined, do of 
themselves so arrange their form, their number in contact, or their 
pressure (by increased size or orbit of revolution), that the increase 
and decrease of electrical resistance of the circuit is altered in a very 
remarkable manner, so much so as to be almost fabulous. ” 

From this statement, I judge that Hughes had no settled notion as 
to the manner in which variations in the pressure of the electrodes of 
the microphone operate to vary the electrical resistance at the point 
of contact. Please state whether at the present time there is a sub- 
stantial agreement among scientific men as to how variations In pres- 
sure inamicrophone produce variations in the electrical resistance ; 
and if not, please state whether you know how it is done. 

Ans. As far as I know, there is a universal agreement among 
scientific men that variations in pressure between two electrodes in 
contact produce corresponding variations in electrical resistance. As 
to the particular molecular mechanism by which this is accomplished 
at the contact points, there is not a universal agreement, and I am 
not ready to say absolutely that I know precisely what goes on 


there. 


CHAS. R. CROSS. 
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From Scientific American Supplement for June 8, 1878. 
| READ BEFORE TIE RoyAL Society, LONDON, May 9, 1878. ] 
ON THE ACTION OF SONOROUS VIBRATIONS IN VARYING 
THE FORCE OF AN ELECTRIC CURRENT. 
By Pror. D. E. PHuGtitts. 

COMMUNICATED BY Pror. HuxLey, F. R. S., erc. RECKIVED May 8, 1878. 

The introduction of the telephone has tended to develop our 
knowledge of acoustics with great rapidity. It offers to us an 
Instrument of great delicacy for further research into the myste- 
ries of acoustic phenomena. It detects the presence of currents of 
electrity that have hitherto only been suspected, and it shows 
variations in the strengths of currents which no other instrument 
has ever indicated. 

It has led me to investigate the effect of sonorous vibrations upon 
the electrical behavior of matter. Willoughby Smith has shown 
that the resistance of selenium is affected by light, and Bornstein 
has led us to believe that many other bodies are similarly affected. 
We know also that the resistanee of all bodies is materially influ- 
enced by heat. Sir William Thomson and others have shown that 
the resistance to the passage of currents offered by wires is affected 
by their being placed under strains, and, inasmuch as the convey- 
ance of sonorous vibrations induces rapid variations in the strains at 
different points of a wire, T believe that the wire would vary in its 
resistance when it was used to convey sound. To investigate this, 
I made a rough-and-ready telephone, with a small bar magnet four 
inches long, half the coil of an ordinary electro-magnet, and a 
square piece of ferrotype iron, three inches square, clamped rigidly 
in front of one pole of the magnet, between two pieces of board. 
Whentusing the pendulum beats of a small French clock, or the 
voice, 2s a source of sound, I found this arrangement supplied me 
with an extremely delicate phonoscope, or sound detector. 


All the experiments detailed in this paper were made with the 


simplest possible means, and no apparatus of any kind, constructed 


by a scientific instrument maker, was employed. The battery was 
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a simple Daniells cell, of Minotto’s form, made by using three 


bottom of each glass and covered with sulphate of copper, and the 


olass being then filled with well-moistened elav and water. A piece 


of zinc, as the positive element, was placed upon the clay. Insu- 


lated wires were attached to each plate, and three of these cells were 
joined in series. All experiments were made on a closed circuit, 
the telephone being used as a phonoscope to detect variations in the 
current, and the consequent reproduction of sound. The apparatus 
or materials experimented upon were used in the same way as the 


transmitter of the speaking telephone of Bell. The attached sketch, 


Fig. 1, will make this clear. B is the battery, S the source of sound 
or material examined, T the telephone or phonoscope. 

I introduced into the circuit at Sa strained conductor — a stretched 
wire — listening attentively with 
the telephone to detect any 


change that might occur when 


the wire was spoken to, or set 
into transverse vibrations by being plucked aside. Gradually, till 
the wire broke, the strain was varied, but no effect whatever was 
remarked except at the moment when the wire broke. The effect 
was but momentary, but invariably, at the moment of breaking, a 
peculiar “rush” or sound was heard. [I then sought to imitate the 
condition of the wire at the moment of rupture, by replacing the 
broken ends, and pressing them together with a constant and vary- 


ing force by the application of weights. It was found that if the 


broken ends rested upon one another with a sheht pressure, of not 


more than one ounce to the square inch on the joints, sounds were 


distinctly reproduced, although the effects were very imperfect. 

It was soon found that it was not at all necessary to join two 
wires endwise together to reproduce sound, but that any portion of 
an electric conductor would do so even when fastened to a board or 
to a table, and no matter how complicated the structure upon this 
board, or the materials used as a conductor, provided one or more 
portions of the electrical conductor were separated, and only brought 
into contact by a slight but constant pressure. Thus, if the ends of 4 
the wire, terminating in two common nails laid side by side, and 
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separated from each other by a slight space, were electrically con- 
nected by laying a similar nail between them, sound could be repro- 
duced. The effect was improved by building up the nails log-hut 
fashion, into a square configuration, using ten or twenty nails. A 
piece of steel watchchain acted well. Up to this point the sound 
or grosser vibrations was alone produced; the finer inflections were 
missing, or in other words the éabre of the voice was wanting ; 
hut in the following experiments the ¢anbre became more and more 
perfect, until it reached a perfection leaving nothing to be desired. 
I found that a metallic powder, such as the wiite powder — a mix- 
ture of zine and tin — sold in commerce as “ white bronze,” and fine 
metallic filings, introduced at the points of contact, greatly added to 
the perfection of the result. 

At this point, articulate speech became clearly and distinctly repro- 
duced, together with its fambre; and I found that all that now re- 
mained was to discover the best material and form, to give to this 
arrangement its maximum effect. Although I tried all forms of 
pressure and modes of contact—a lever, a spring, pressure in a 
glass tube sealed up while under the influence of strain —so as to 
maintain the pressure constant, all gave similar and invariable 
results, but the results varied with the materials used. All metals, 
however, could be made to produce identical results, provided the 
division of the metal was small enough, and that the material used 
does not oxidize by contact with the air filtering through the mass. 
Thus platinum and mercury are very excellent and unvarying in their 
results, while lead soon becomes of such high résistance, through 
oxidation upon the surface, as to be of little or no use. 

A mass of bright round shot is peculiarly sensitive to sound while 
clean, but as the shot soon become coated with oxide, this sensitive- 
ness ceases. Carbon again, from its surface being entirely free from 
oxidation, is excellent; but the best results I have been able to 
obtain at present have been from mercury in a finely divided state. 
I took a comparatively porous non-conductor, such as the willow 
charcoal used by artists for sketching, heating it gradually to a white 
heat, and then suddenly plunging it in mercury, The vacua in the 
pores, caused by the sudden cooling, became filled with innumerable 
minute globules of mercury, thus, as it were, holding the mercury 
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in a fine state of division. I have also tried carbon, treated in a 
similar manner, with and without platinum deposited upon it from 
the chloride of platinum. I have also found similar effects from the 
willow charcoal heated in an iron vessel to x white heat, and contain- 
ing a free portion of tin, zine, or other easily evaporized metal. 
Under such conditions the willow carbon will be found to be metal- 
lized, having the metal distributed throughout its pores in a fine state 
of division. Iron also seems to enter the pores, if heated to a white 
heat without being chemically combined with the carbon as in 
oraphite, and indeed some of the best results have been obtaimed 
from willow charcoal, containing iron in a fine state of division. 

Pine charcoal, treated in this manner (although a non-conductor as 
a simple charcoal), has high conductive powers, due to the iron, and 
from the minute division of the iron in the pores is a most excel- 
lent material for the purpose. 

Any one of these preparations, confined in a glass tube ora box, and 
provided with wires for insertion in a circuit, I call a “ transmitter.” 

Reis, in 1860, showed how, by the movement of a diaphragm, 
intermittent voltaic currents could be transmitted, agreeing in exact 
number with the sonorous waves impinging on the diaphragm, and 
thus reproducing music at a distance, by causing an electro-magnet 
to vibrate in unison with the diaphragm; and with an iron dia- 
phragm, Graham Bell showed how the vibrations of that diaphragm 
in front of a polarized electro-magnet could similarly induce mag- 
neto-currents, corresponding in number, amplitude and form with 


the sonorous vibration, and thus reproduce all the delicacies of the 


human voice. Edison and others have produced variations in the 
strengths of a constant current, by causing the diaphragm to press y 
directly upon some clastic conductor, such as carbon, spongy plati- 
num, ete., the varying pressure upon these materials varying the 
resistance of the circuit, and consequently, the strength of current 


flowing. Graham Bell and others have produced the same effect, by 


oe 


causing the vibrations of the diaphragm to vary the electro-motive 


«) 
force in the cireuit. It will be seen, however, that in the experi- 

ments made by myself the diaphragm has been altogether disearded, ’ 
resting as It does upon the changes produced by molecular action, 


and that the variations in the strengths of the currents flowing are 
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produced simply and solely by the direct effect of the sonorous 
vibrations. 

IT have found that any sound, however feeble, produces vibrations 
which can be taken up by the matter interposed in the electrical 
circuit. Sounds absolutely inaudible to the human ear affect the 
resistance of the conductors deseribed above. In practice, the 
effect is so sensible that a slight touch on the board by the finger 
nail, on which the transmitter is placed, or a mere touch with the 
soft part of a feather, would be distinctly heard at the receiving 
station. The movement of the softest camel-hair brush on any 
part of the board is distinctly audible. If held im the hand several 
feet from a piano, the whole cords —the highest as well as the 
lowest — can be distinctly heard at a distance. If one person sings 
a song, the distant station, provided with a similar transmitter, can 
sing and speak at the same time, and the sounds will be received 
loud enough for the person singing to follow the second speech or 
song sent from the distant end. 

Acting on these facts, I have also devised an instrument suitable 
for magnifying weak sounds, which I eall a aecrophone. The mi- 
crophone, in its present form, consists simply of a lozenge-shaped 
piece of gas carbon, one inch long, quarter Inch wide at its centre, 
and one eighth of an inch in thickness. The lower pointed end 
rests as a pivot upon a small block of similar carbon ; the upper end, 
being made round, plays free in a hole in a small carbon block, 
similar to that at the lower end. The lozenge stands vertically upon 
its lower support. The whole of the gas carbon is tempered in 
mercury, in the way previously described, though this is not abso- 
lutely necessary. The form of the lozenge-shaped carbon is not of 
importance, provided the weight of this upright contact piece is only 
just sufficient to make a feeble contact by its own weight. Carbon 
is used in preference to any other material, as its surface does not 
oxidize. <A platinum surface in a finely divided state is equal, if not 
superior, to the mercurized carbon, but more difficult and costly to 
construct. I have also made very sensitive ones entirely of iron. 

The best form and material for this instrument, however, have 
not yet been fully experimented on. Still, in its present shape, it 1s 
capable of detecting very faint sounds made in its presence. Ifa 
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pin, for instance, be laid upon or taken off a-table, a distinct sound 
is emitted, or if a fly be confined under a table-glass, we can hear 
the fly walking, with a peculiar tramp of its own. The beating of 
a pulse, the tick of a watch, the tramp of a fly, can thus be heard at 
least a hundred miles distant from the source of sound. In fact, 
when further developed by study, we may fairly look for it to do for 
us, With regard to faint sounds, what the microscope does with mat- 
ter too small for human vision. 

It is quite evident that these effects are due to a difference of pres- 
sure at the different points of contact, and that they are dependent 
for the perfection of action upon the number of these points of con- 
tact. Moreover, they are not dependent upon any apparent differ- 
ence in the bodies in contact, but the same body, in a state of minute 
subdivision, is equally effective. Electrical resistance is a function 
of the mass of the conductor, but sonorous conduction is a function 
of the molecules of matter. ILlow is it, therefore, that a sonorous 
wave can so affect the mass of a conductor as to influence its elec- 
trical resistance? If we assume a line of molecules, we know that a 
sonorous wave Is accompanied by alternate compressions and rare- 
factions. If we isolate the part under compression from the part 
under dilatation, we vary the dimensions of the mass, and we alter its 
electrical resistance. In any homogeneous conductor of finite dimen- 
sions, the effect of the one will exactly compensate for the effect of 
the other, and we get no variation of current; but if we break up 
this homogeneous conductor into a series of minute subdivisions, 
Without actually breaking their electrical continuity, we destroy this 
neutralizing influence, and we render evident the effect of sonorous 
vibrations In varying the dimensions of the mass of the conductor, 
and therefore in varying its electrical resistance, for we reduce the 
length of a portion of the conductor to a fraction of the length 
of a sonorous wave. Molecular action, alone, explains to me all the 
effects produced. Size or shape does not effect them. A piece of 
willow charcoal the size of a pin’s head is quite sufficient to produce 
articulate speech. JI regard the action as follows: If we have two 
separate conductors, joined simply by contact, this contact offers a 
certain resistance. Now, we can vary or lesson the resistance by 
increasing the pressure, thus bringing more points in contact, or closer 
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proximity. Now, as I employ a constant pressure on the contact, 
which is exactly under the same influence of the vibrations as the points 
of contact, more points, or closer proximity, can only be obtained 
through the molecular swelling or movement of the contact points. 

If we assume a line of molecules at the point of contact of the 
minute masses of conducting matter in their neutral condition 
to be arranged thus, OOOQO they will appear thus under com- 
pression, QOQOO and thus under dilatation, coCpOO In the 
former case the electrical resistance would be /ess, and in the latter 
case more, than in the normal condition. Ifence we should get 
variation in their electrical resistance, and thus sonorous waves 
could vary the streneth of an electric current, and the variations 
of the electric current can be made to reproduce sonorous vibra- 
tions. These, however, would only produce the result in a certain 
line, say horizontal; but those perpendicular, while producing the 
sume result, would be a half vibration behind, and thus if two 
contacts, the one horizontal and the other perpendicular, were on 
the same piece of charcoal and the conducting line joined to both, 
we should have interference. The contrary takes place, as the more 
contacts we have, and the more varied their direction on the same, 
the louder and purer the sound becomes. Hence there is no inter- 
ference, and consequently the whole mass must swell and diminish 
equally in all directions at the same instant of time. 

The tube transmitter, which I exhibit this evening, consists of an 
exterior glass tube two inches long and one quarter of an ineh in 
diameter. In it are four separate pieces of willow charcoal, each 
one quarter of an inch long, and two terminals of the same material. 
The terminals are fastened in the tube, and connect exteriorly with 


the line and interiorly with the four loose pieces, thus : — 


-2TeTeto Tet Fi) 
© Figa. | 
Here A is made to press on B, C, D, E, and F, until the resist- 


ance offered to the electrical eurrent is about one third that of the 


line upon which it is tobeemployed. It may he attached to a resonant 
board by the ends Aor F. If the result was simply due to vibrations, 
(vii) 
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we should have A and B makine greater contact at a different é 
time from E and F, and consequent interference. If it’ was a simple 
shaking or moving of B, C, D, E, and F, it could produce no 
¥ 
on 
> 
a 


change, as if B pressed more strongly on C, it would be less on A, 


and also if the tube was attached by the centre we should have 


no effect; but if the effect is due to a swelling or enlargement of ‘¢ y 
3, C, D, E, Fy, it would make no difference where it is attached to 

the resonant board, as is actually the case. Again, reduce the 
pressure of A upon B, ete., until they are not in contact, and no 
trace of current can be perceived by shaking the tube. The instant 

the sonorous vibrations pass in the tube there is electric contact to a ; 
remarkable degree, which could only have taken place by the molecules 4 


enlarging their sphere under the influence of the sonorous vibrations. 

It is impossible to say what can be the applications of the effects 
of the discovery which I have had the honor of bringing before the 
Royal Society, for the whole question has been studied with crude 
materials, and scarcely sufficient time has elapsed to enable me to 
consider its ultimate uses. I do not desire to assert that there is 
anything in what I have brought forward that is superior to or equal 
to other transmitters used for telephony. It is as loud and far more 
sensitive than any I have yet heard, and it may be increased by mul- 
tiplication of transmitting contacts in quantity or intensity; the 
loudness is at present limited by the capability of the receiver. 
The materials at my disposal, and the arrangement of them, have 
not yet been sufficiently studied. I only wished to show that it is 
possible to transmit clear and intelligent articulate speech, and to 
render audible sounds which have hitherto been inaudible, by the 
mere operation of sonorous vibrations upon the conducting power of 
matter. My warmest thanks are due to Mr. W. ITI. Preece, electri- 
cian to the Post Office, for his appreciation of the importance of the 


facts I have stated, and for his kind counsel and aid in the prepara- 


tion of this paper. 
I do not intend to take out a patent, as the facts I have mentioned 
belong more to the domain of discovery than invention. No doubt 


inventors will erelong improve on the form and materials employed. 


I havealready my reward in being allowed to submit my researches Y 


to the Royal Society. 
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From The London, Edinburgh, and Dublin Philosephical Magazine and Journal 
of Science, Vol. VI., Fifth Series, July, 1878, pp. 44-50. 


ON THE PHYSICAL ACTION OF THE MICROPHONE.* 
BY PROFESSOR HUGHES. 


In the paper read on the 9th of May, before the Royal Society, I 


gave a general outline of the discoveries I had made, the materials 


used, and the forms of microphone employed in demonstrating im- 
portant points. I have made a great number of microphones, each 
for some special purpose, varying in form, mechanical arrangement 
and materials. It would require too much time to describe even a 
few of them, and as I am anxious in this paper to confine myself to 
general considerations, I will take it for granted that some of the 
forms of instrument and the results produced are already known. 

The problem which the microphone solves is this: To introduce 
into an electrical circuit an electrical resistance, which resistance 
shall vary in exact accord with sonorous vibrations, so as to produce 
an undulatory current of electricity from a constant source, whose 
wave-length, height and form shall be an exact representation of the 
sonorous waves. In the microphone we have an electric conducting 
material, susceptible of being influenced by sonorous vibrations, and 
thus we have the first step of the problem. 

The second step is one of the highest importance. It is essential 
that the electrical current flowing be thrown into waves of determi- 
nate form, by the sole action of the sonorous vibrations. I resolved 
this by the discovery that when an electric conducting matter in a 
divided state, either in the form of powder, filings, or surfaces, is 
put under a certain slight pressure, far less than that’which would 
produce cohesion and more than would allow it to be separated by 
sonorous vibrations, the following state of things occurs: The mole- 
cules at these surfaces being in a comparatively free state, although 
electrically joined, do of themselves so arrange their form, their num- 
ber in contact, or their pressure (by increased size or orbit of revo- 


* Communicated by the Physical Society, having been read June 8, 1878. 
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lution), that the increase and decrease of electrical resistance of the 
circuit is altered in a very remarkable manner, so much so as to be 
almost fabulous. 

The problem being solved it is only necessary to observe certain 
general considerations to produce an endless variety of microphones, 
each having a special range of resistance. 

The tramp of a fly or the cry of an insect requires little range, but 
creat sensitiveness ; and two surfaces, therefore, of chosen materials 
under a very slight pressure, such as the mere weight of a small 
superposed conductor, suflice ; but it would be unsuitable for a man’s 
voice, as the vibrations would be too powerful, and would, in fact, 
go so far beyond the legitimate range, that interruptions of contact 
amounting to the well-known “make and break ” would be produced. 

A man’s voice requires four surfaces of pine charcoal, as is de- 
scribed in my paper to the Royal Society, six of willow charcoal, 
eight of boxwood, and ten of gas carbon. The effects, however, are 
far superior with the four of pine, than with either the ten of gas 
sarbon or any other material, as yet used. It should be noted that 
pine wood is the best resonant material we possess ; and it preserves 
its structure and quality, when converted into the peculiar charcoal I 
have discovered and described. 

It is not only necessary to vary the number of surfaces and mate- 
rials, in accordance with the range and power of the vibrations, but 
these surfaces and materials must be put under more or less pressure, 
in accordance with the force of the sonorous vibrations. Thus for a 
man’s voice, the surfaces must be under a far greater pressure than 
for the movements of insects. Still, the range of useful effect is 
very great, as the boxes which I have specially arranged for a man’s 
voice are still sensitive to the tick of a watch. 

In all cases it should be so arranged that a perfect undulatory 
current is obtained from the sonorous vibrations of a certain range. 


Thus, when speaking to a microphone transmitter of human speech, 


a galvanometer should he placed in the circuit, and while speaking, 


the needle should not be deflected, as the waves of + and —elec- 
tricity are equal, and are too rapid to disturb the needle, which can 
only indicate a general weakening or strengthening of the current. 
If the pressure on the materials is not sufficient, we shall have a 
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é. constant succession of interruptions of contact, and the galvanometer 
needle will indicate the fact. If the pressure on the materials is 
gradually increased, the tones will be loud but wanting in distinet- 
ness, the galvanometer indicating interruptions; as the pressure is 

4 still increased, the tone becomes clearer, and the galvanometer will 


be stationary when a maximum of loudness and clearness is attained. 


/ 


f 
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If the pressure be further increased, the sounds become weaker, 
though very clear; and as the pressure is still further augmented, 
the sounds die out (as if the speaker were talking and walking away 
at the same time), until a point Is arrived at where there is complete 
silence. 

When the microphone is fixed to a resonant board, the lower 


contaet should be fixed to the board, so that the sonorous vibrations 


act directly on it. The upper contact, where the pressure is applied, 
should be as free as possible from the influence of the vibrations, 
except those directly transmitted to it by the surfaces underneath ; 
it (the upper surface) should have its inertia supplemented by that 
of a balanced weight. This inertia I find necessary, to keep the con- 
tact unbroken by powerful vibrations. No spring can supply the 
required inertia; but an adjustable spring may be used to ensure that 
the comparatively heavy lever shall duly pre-s on the contacts. 

The superposed surfaces in contact may be screwed down by an 
insulated screw passing through them all, thus doing away with the 
lever and spring; but this arrangement is far more difficult to adjust, 
and the expansion by heat of the screw causes a varying pressure. 
It is exceedingly simple, however, easily made, and illustrates the 


theoretical conditions better than the balanced lever I have adopted 
?y in practice. 


In order to study the theoretical considerations, and that with the 


¢ 


; most simple form of microphone, freed from all surrounding mech- | 
{ anisms, let us take a flat piece of charcoal two millimeters thick and | 
’ one centimeter square, and after making electrical contact by means 


of a copper wire on the lower surface, glue that to a small resonant 
board, or better for the purpose of observation, to a block of wood 
ten centimeters square. Upon this superpose one or more similar 
blocks of charcoal, the upper surface in communication with a wire, 
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the lowermost surface resting flat, or as nearly so as possible, on the 
lower block. The required presssure 

is put on the upper block; and 

while in this state the two may be 

em fastened together with glue at the 

A. sides, or, better, by an_ insulated 


= | sa 
The 


screw. 


pressure can then be 


removed, as the screw or glue equally preserves the foree. Let the 


lower piece be called A, and the upper B; when we subject this 
board to sonorous vibrations, we cannot imagine an undulatory 
movement of the actual wave-length in such a mass, that 1s a length 
comparable with the real wave-length of the sonorous wave, which 
may be several feet. Nor can we imagine a wave of any length, 
without admitting that the force must be transmitted from molecule 
to molecule throughout the entire length ; thus any portion of a wave, 
of which this block represents a fraction, must be in molecular 
activity. 

The lower portion of the charcoal A, being part of the block itself, 
has this molecular action throughout, transmitting it also to the 
upper block. How is it that the molecular action at the surfaces of 
A and B should so vary the conductivity or electrical resistance as to 
throw it into waves in the exact form of the sonorous vibrations ? 
It cannot be because it throws up the upper portion, making an 
intermittent current, because the upper portion is fastened to the 
lower, and the galvanometer does not indicate any interruption of 
current whatever. It cannot be because the molecules arrange them- 
selves in stratified lines, becoming more or less conductive, as then 
surfaces would not be required; that is, we should not require dis- 
continuity between the blocks A and B; nor would the upper 
surface be thrown up if the pressure be removed, as sand is ona 
vibrating glass. The throwing up of this upper piece B, when 
pressure is removed, proves that a blow, pressure, or upheaval of 
the lower portion takes place; that this takes place there cannot be 
any doubt, as the surface, considered alone (having no depth), could 
not bodily quit its mass. In fact there must have been a movement 
to a certain depth; and I am inclined to believe, from numerous 


experiments, that the whole block increases and diminishes in size at 
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all points, in the centre as well as the surface, exactly in accordance 
with the form of the sonorous wave. Confining our attention, how- 
ever, to points on A and B, how can this increased molecular size or 
form produce a change in the electrical waves? This may happen in 
two ways: first, by increased pressure on the upper surface, due to 
its enlargement; or, second, the molecules themselves, finding a cer- 
tain resistance opposed to their upward movement, spread themselves, 
making innumerable fresh points of contact. Thus an undulatory 
current would appear to be produced by infinite change in the num- 
ber of fresh contacts. I am inclined to believe that both actions 
occur, but the latter seems to me the true explanation, for if the 
first were alone true, we should have a far greater effect from metal 
powder, carbon, or some elastic conductor, such as metallized silk, 
than from gold, or other hard, unoxidizable matter; but, as the best 
results as regards the human voice were obtained from two surfaces 
of solid gold, I am inclined to view with more favor the idea that an 
infinite variety of fresh contacts brought into play by the molecular 
pressure, affords the true explanation. It has the advantage of be- 
ing supported by the numerous forms of microphone I have con- 
structed, in all of which I can fully trace the effect. 

I have been very much struck by the great mechanical force 
exerted by this uprising of the molecules under sonorous vibrations. 
With vibrations from a musical box two feet in length, I found that 
one ounce of lead was not sufficient on a surface of contact one cen- 
timeter square to maintain constant contact; and it was only by 
removing the musical box to a distance of several feet, that I was 
enabled to preserve continuity of current with a. moderate pressure. 
I have spoken to forty microphones at once, and they all seemed to 
respond with equal force. Of course there must be a loss of energy 
in the conversion of molecular vibrations into electrical waves; but 
it isso small that I have never been able to measure it with the 
simple appliances at my disposal. I have examined every portion 
of ry room, — wood, stone, metal, in fact, all parts, — and even a 
piece of india-rubber: all were in molecular movement whenever I 
spoke. As yet I have found no such insulator for sound as gutta- 
percha is for electricity. Caoutchouc seems to be the best; but I 
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have never been able, by the use of any amount at my disposal, to 
prevent the microphone reporting all it heard. 

The question of insulation has now become one of necessity, as 
the microphone has opened to us a world of sounds, of the existence 
of which we were unaware. If we can insulate the instrument so as 
to direct its powers on any single object, as at present I am able to 
do on a moving fly, it will be possible to investigate that object 
undisturbed by the pandemonium of sounds which at present the 
microphone reveals where we thought complete silence prevailed. 

I have recently made the following curious observation. A 
microphone on a resonant board is placed in a battery-circuit, 


together with two telephones. When one of these is placed on the 


resonant board, a continuous sound will emanate from the other. 
The sound is started by the vibration which is imparted to the board 
when the telephone is placed on it; this impulse, passing through 
the microphone, sets both telephone-disks in motion; and the in- 
strument on the board, reacting through the microphone, causes a 
continuous sound to be produced, which is permanent so long as 
the independent current, of electricity is maintained through the 
microphone. It follows that the question of providing a relay for the 
human voice in telephony is thus solved. 

The transmission of sound through the microphone is perfectly 
duplex ; for if two correspondents use microphones as transmitters 
and telephones as receivers, each can hear the other, but his own 
speech is inaudible; and if each sing a different note, no chord is 
heard. The experiments on the deaf have proved that they can be 
made to hear the tick of a watch, but not, as yet, human speech 
distinctly ; and my results in this direction point to the conclusion 
that we only hear ourselves speak through the bones and not through 
the ears. 

However simple the microphone may appear at first glance, it 
has taken me many months of unremitting labor and study, to bring 
to its present state through the numerous forms each suitable for a 
special object. The field of usefulness for it widens every day. Sir 
Henry Thompson has succeeded in applying it to surgical operations 
of great delicacy, and by its means splinters, bullets, in fact all 
foreign matter, can be at once detected. Dr. Richardson and myself 
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have been experimenting in lung and heart diseases; and although 


the application by Sir H. Thompson is more successful, I do not 
doubt that we shall ultimately succeed. There is also hope that 
deafness may be relieved. For telephony articulation has become 
perfect, and the loudness increased. Duplex and multiplex teleg- 
raphy will profit by its use, and there is hardly a science where 
acoustics has any direct or indirect relation which will not be bene- 
fited. And I feel happy in being able to present this paper on the 
results obtained by a purely physical action to such an appropriate 
and appreciative body as the Physical Society. 

In conclusion, allow me to state that throughout the whole of 
my investigations I have used Prof. Bell’s wonderfully sensitive tele- 
phone instrument as a receiver, and that it is owing to the discovery 
of so admirable an appliance that I have been enabled to commence 


and follow up my researches. 
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ARTIC! E ENTITLED **CONNECTION BETWEEN SOUND 
AND ELECTRICITY.” 
A Lecture delivered by Mr. William HH. Preece, before the Society of Telegraph 
Engineers, May 23, 18738, and printed in the Journal of that 
Society, Vol. L1., page 270. 

Tue Presipenr: IL have now the pleasure to call upon Mr. Wil- 
liam Preece to favor us with his lecture on “The Connection between 
Sound and Electricity.” 

Mr. W. UL. Preece: Mr. President, a late member of the present 
Ministry, at a dinner given by the Institution whose hospitality we 
experience in this hall, implied, on the authority of one of the leading 
members of the engineering profession, that invention, like cocktails 
and Colorado beetles, had taken root in America and had deserted 
old Kneland. It is therefore to me, as Iam sure it is to you, a 
great gratification to have brought before us an invention which is 
the offspring of British soil. During the last few months the science 
of acoustics has made marvellous and rapid strides. — First of all we 
had the telephone, which enabled us to transmit human speech to 
distances far beyond the reach of the car and the eye. Then we had 
the phonograph, which enabled us to reproduce sounds uttered at 
any place and at any time; and now we have that still more wonder- 
fal instrument which not only enables us to hear sounds that would 
otherwise be inaudible, but also enables us to magnify sounds that are 
audible ; in other words, the instrument which [I shall have the pleas- 
ure of bringing before you to-night is one that acts towards the ear 
in the same capacity that the microscope acts towards the eye. 


I may point out in the first Instance, that the telephone and the 


phonograph depend essentially upon the fact — and a great fact it is 


—that the mere vibration of a diaphragm can reproduce all the 
tones of the human voice. In the telephone, the voice is also made 
to vibrate a diaphragm, which, by completing an electric circuit, or 
by varying a magnetic field, or by altering the resistance or electro- 
motive force of the circuit, produces effects at a distance which re- 
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sult in the reproduction of the motion of the diaphragm ; but in this 


new instrument diaphragms are cast aside, and we have the direct 


conversion of sonorous vibrations or sound-waves into forms of 


electrical action. 

Now if it had been the habit or custom of this Society, to give to 
the papers and discourses delivered here sensational titles, I should 
have been inclined so call the few remarks Tam going to make to-night 
* A Philosopher Unearthed.” Professor Hughes is well known to us 
all. He has been more or less associated with this Society since 
its first inception. Whenever he is in London he is always amongst 
us. Lis instrument is well known to us as one of the most exquisite 
pieces of mechanism ever invented, and his works, though few, are 
known because they are sound. 

The chief characteristic of this philosopher whom I have sueceeded 
in unearthing is his extreme modesty. If he had been left to him- 
self I do not think we should even have had the microphone here ; 
but by a lucky chance he recently admitted me into lis seeret, and I 
am enabled to-night to bring before you the results of his labors, and 
they have been labors indeed. For months and months he has been 
working and striving at the ideas which at last he has elaborated into 
the microphone. 

Now, the chief characteristic of the apparatus I am going to intro- 
duce to you to-night is its great homeliness, its uncouth roughness, 
and its absurd simplicity. With common nails, with small pieces of 
wood, with halfpenny money boxes, with plain sealing-wax, with 
the ordinary apparatus which every child has at its command, he has 
heen able to attack nature in her stronghold, to ask her questions, 
and receive back answers, and lay bare to us facts and thoughts 
which, though they have existed from time immemorial, are brought 
to light now for the first time. 

Now let us, in the first place, ask ourselves this question. What 
is sound? It is a very difficult question to nnswer, in the short 
time at my disposal; but it is necessary I should first say something 
to you about the nature of sound, and then say something about the 
nature of electricity, and show you how the one can be converted 
into the other. 

Now, what is sound? While I am speaking to you I am setting 
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the air in this room into vibration. The air of this room is com- 
posed of an infinite number of infinitely small molecules; every 
molecule is set into motion and vibrates to and fro, backwards and 
forwards, like the bob of a pendulum, and between my mouth and 
every one of the ears in this hall there is a rapid but short excur- 
sion to and fro of every single molecule that composes the atmos- 
phere of this room, and it is the impinging of these molecules against 
the drum of the ear that produces that sensation called sound. But 
more than that, not only is the air of this room in. this marvellous 
state of motion, but every piece of wood, every wall, every picture 
—everything in this hall at this moment —1s almost, I may say, 
alive; trembling away, moving backwards and forwards, forming 
What are called sonorous vibrations. If the sound be loud enough, 
and the note deep enough, we can distinctly feel these vibrations. 
Sound is therefore the vibration, in particular periods and particular 
phases, of matter. 

Now, what is electricity? Faraday, the greatest electrician, per- 
haps, that ever lived, was asked that question, and he said the more 
he studied electricity, the more he unravelled its mysteries, the more 
mystified he beeame as to its source and its origin; therefore, it 
seems an act of impudence, on the part of myself, or anybody else, 
to attempt to answer the question, What is electricity? But great 
strides have occurred since the days of Faraday; we know a great 
deal more now of the internal molecular action of bodies; we know 
that light and heat and sound are the mere action of those molecules 
of which matter is composed; and we feel sure, from the facts 
brought to our notice by the delicate apparatus of the present day, 
that electricity is simply a mode of motion, nothing more nor less 
than the simple play of the molecules of matter. The truth of this 
will be made evident to-night by the wonderful connection which 
exists between sound, which we know to be merely a mode of vibra- 
tion, and electricity, which will reproduce to us the effects of sound. 

To make this evident to us, we must have two instruments ; the one 
a detector, which will render apparent to us any electrical action that 
shall result in sound ; and it fortunately happens that this marvellous 
telephone is an instrument of such extreme delicacy that it has made 
us acquainted with currents of electricity hitherto unknown, though 
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their presence has been suspected. The telephone which Professor 
Hughes has used in his researches is as simple in its construction as 
are all his other apparatus. It consists of two rough pieces of 
board clamped together. There is half the end of an electro-magnet 
that probably has been in his possession since his early experiments, 
to judge from its appearance. The magnet is a piece of steel rod 
that has been magnetized. The wire used, and which he has found 
extremely useful to him, is wire that was originally made for very 
different purposes — for ladies’ bonnets — and in front of this 1s 
placed a piece of ferrotype iron, well known by those who have 
experimented with the telephone. 

but what is the source of sound? It was necessary in making 
these experiments that he should have a source of sound, something 
which would generate those sonorous vibrations of which I have 
spoken. This source of sound was a small mantelpiece clock of 
French manufacture, which cost originally three or four franes. It 
has been in use many years, and has been in many parts of the world. 
It is repaired with great lumps of sealing-wax ; but nevertheless it 
has or ought to have a pendulum, which gives a succession of beats, 
and those beats form a source of sound. Now, with this source of 
sound, and this beautiful scientific apparatus, the telephone, as a de- 
tector, he started upon one of Sir William) Thomson’s discoveries, 
viz., that wires alter their electrical condition when they are placed 
under strain. He took a piece of wire, applied weights to it, con- 
nected the clock with it, and heard nothing. He was not discon- 
certed; he applied weight after weight till he reached the breaking 
strain of the wire, and at the moment when the wire broke, he heard 
a rush or sound which he thought was an indication of what he wis 
searching for; so he took the two ends of his wire and laid them 
together, placed his sources of sound above them, and to his intense 
delight heard — what imagination perhaps assisted him in’ believing 
to be a tick. He thought he was on the right track, and he then 


manufactured, with a flat piece of brass for a lever, a pin for an axle, 


sealing-wax for cement, black wax for solder, and the uncovered 


bonnet wire for binding, a little apparatus which enabled) him to ap- 
ply constant pressure to the thing he was experimenting upon; in 
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fact, by this means he was enabled to produce what we electricians 
‘all a “ bad joint.” 

To his intense delight he found with this bad joint, and rough, ap- 
plication of pressure by putting various things — pieces of metal, 
chain, ete. — underneath this little contrivanee, he was able to ob- 
tain sonorous effects. But this contrivance, simple as it appears, was 
a great deal too elaborate and complicated for his purpose ; so he took 
two French nails — little bright nails, so much used in France — laid 
them side by side, not touching each other, and bringing the ends of 
the wire in contact with them, and laying between or across them a 
third and similar nail, he was able to reproduce almost perfectly the 
sound of the clock, and, more than that, he began to get indications 
of the sound or tone of the voice. Ile then used chains; he took a 
gold chain, and put it beneath his little compressor, and with that he 
was able to speak with great ease. From that he tried filings, and 
found with matter in a finely divided state he was able to reproduce 
all the effects of sound. At last he made little glass tubes, about 
two inches long, filling them with white bronze powder which artists 
use, Which is a mixture of zine and tin, and he was able to reproduce 
exactly the tones of the voice. But in his experiments with carbon 
he was able to make what may be called quite an independent and 
another discovery. The carbon he experimented with was the com- 
mon carbon used by artists in sketching their drawings, and this 
‘arbon he found tobe a non-conductor of electricity. The idea struck 
him that this non-conductor of electricity might be made a conductor, 
and by various processes he at last arrived at a plan of boiling or 
heating this carbon in quicksilver. Carbon so heated in an atmos- 
phere of quicksilver, itself becomes permeated through and through 
with quicksilver, and by that means we get the mercury subdivided 
into an almost infinitely pure state. Probably mercury in this state 
as closely approaches the molecular as anything can do; there is no 
apparent indication of mereury under the microscope, and yet we 
know that the carbon has been mercurized, because it is converted 
from a complete insulator into a conductor, and it has a metallie ring 
when it falls. Now, then, having by these processes arrived ata 


substance which is remarkably sensitive to all the variations of the 


sound of the human voice, his next task was to construct these things 
‘ | 
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into such a form as to make them telephonic transmitters. For that 
purpose he brought to his aid a very cheap kind of apparatus, a half- 
penny money box. Inside this he placed his carbon transmitter ; 
and as this discovery is not fenced in by fear of the patent or any 


other law, Iam quite sure you will be glad to know how to make a 


Hughes transmitter. First, he takes a piece of one-quarter-inch board 


about two inches long and one ineh broad, and he raises upon that two 
thin brass bearings, with a hole worked through by means of a pin for 
the support of his axis. He then takes a piece of carbon about two 
inches long, which has been mereurized, which has a pin cemented 
to it near its centre, which acts as an axis, and makes it into a lever. 
On the board he places another smaller piece of carbon, similarly 
treated, and upon this rests another similar-sized piece of carbon, 
the two being connected by a piece of paper. (See figure in which 


M represents the transmitter, B the battery and T the telephone. ) 
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Now the battery is another remarkable specimen of scientific 
manufacture. Three little glass tumblers are taken; at the bottom 
of each a piece of copper wire is coiled spirally. The copper wire 
is covered with a little sulphate of copper. The tumbler is then 
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filled with moistened clay, and upon the top of this clay is placed a 


plece of scrap zinc. The three cells are placed in a cigar box. The 
tube transmitter consists of a glass tube about two inches long and 
one-fourth inch diameter, inside which several pieces -of mercurized 
carbon are inserted, touching each other with a pressure regulated by 
a screw fixed to each end. The size of the carbon appears to be of 
little consequence. He has produced effects with carbon not larger 
than the head of a pin. We shall show this by and by; but rather 
than disturb the order of these researches, I think it advisable in the 
next place to show you how this principle has been carried a_ little 
further to produce what he calls the microphone. This apparatus 
Is extremely sensitive. It will give evidence of nearly any sound ; 
but in the microphone itself, which I have here, this extreme sensi- 
tiveness is carried to a still further extent. In point of fact this Is a 
m. vophone; but in this particular instance, the pressure bearing 
hetween the two carbons is regulated by a spring, and it Is so regu- 
lated that the transmitter is independent of any position in which it 
may be held. It is free to be moved in any direction, In conse- 
quence of the pressure of the spring; but in one forin of instrument 
this spring is dispensed with, and the pressure between the carbons 
is reduced to its greatest sensitiveness hy making the two arms of 
this lever as short as possible; but in the first machine he used, a 
piece of carbon was fixed on the top of an upright board of that kind, 
and a smaller piece was fixed down below. A’ cup-shaped ball was 
made at one end, and a similar one at the bottom, resting upon a 
piece of lozenge-shaped carbon; and this lonzenge-shaped piece of 
carbon rests with the greatest nicety upon its lower disc, and is just 
in that position of equilibrum that the slightest 2tmospheric dis- 
turbance produces the effects which we are now about to show you. 

I think it desirable to tell you that you must not expect to-night 
distinct articulations. We have made a violent effort to make 
these experiments evident to you all. 

Now, the effects you have just heard have been produced by a 
microphone similar to that drawn on the board. We will now 
repeat the effects with the machine on the table, and in order that 


ve of the effect — for Professor Hughes desires you 


4 


you may jud 
should see there is no deceptioa — we will connect this up, and use 
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his old friend, the clock, to make its ticks; if it will, evident over 
the whole room. One of the greatest effects which this instrument 
produces, is to render evident the tramp of a fly, and we have some 
nice little captives with which we will demonstrate that effect at the 
close of the meeting, ( [llustration with clock. ) 

To show that the sounds come from the clock itself, Professor 
Hughes will lift up the clock, when all traces of sound will have 
disappeared, and on putting it down again, the sounds will be pro- 
duced ; so that the sound you hear is the sound of that clock, which 
has been magnified. . 

Now, we have here a common quill pen, and Professor Hughes 
will do as they do on the stage, pretend to write a letter, and I have 
no doubt if you listen attentively, you will hear the scratching of his 
pen. ( [lustrated., ) 

Now, there are some peculiarities in this apparatus that are very 
striking. In the first place, though the sounds produced ate very 
ereat, they do not interfere with each other, Tf you have a friend 
at the other end speaking to you, you can hear his voice distinctly 
working through your voice, and the result is, you get a duplex 
action. Two orthree persons can talk to each other without impedi- 
ment or confusion. 

Yet another point is, that the articulation is absolutely perfect. 
One of the great difficulties, both in the telephone and the phono- 
graph, is getting the noises and sibilant sounds reproduced, such 
as s and ¢ and sh, which are produced by such extremely minute 
variations in the sonorous vibrations that they are lost in those 
Instruments. Thus, if through the telephone you ask «a person to 
waltz, it will come out “walk,” and names like my own, with 
the sound of s in it, though it is spelt with a¢, would come out 
* Pree,” not Preece. In this transmitter, one of its chief peculiari- 
ties is the fact that all sounds are faithfully reproduced, and it tends 
very much to upset the notion — Helmholtz’s theory —that vowel 
sounds, and other sounds, are due to the superposition of waves 
upon waves of tones and overtones. This apparatus shows, almost 
unquestionably, that all these different properties, all these effects 
of intonation, are due to differences in the form of the wave sent. 
Another peculiarity is this. I have told you that all in this room, 
(villi) 
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every one’s body while I am speaking, is alive with sound. If you 
take this transmitter and place it in front of your mouth, or put it 
on your forehead, or on the top of your head, or put it in your 
pocket, or upon your breast, it will still transmit sounds to distant 
places. Put it in a room, it does not matter where, it will repro- 
duce the sounds. Put it anywhere in a drawing-room where there 
is a piano, you will hear the sounds of the piano faithfully reproduced. 
It is, as you see, 2 marvellously rough affair; you may throw it up, 
kick it about, and do what you like with it; it will always act. Here 
is the identical box that Professor Hughes made two or three months 
ago; it has never been touched; it has been always at work, and 
never needs repair. 

These are some of the peculiarities of this instrument, and I 
dare say some of you would like to know a little about its theory. 
We have here two points in contact, and those two points in contact 
complete an electrical circuit. The electric current that flows through 
that cireuit depends for its strength entirely upon the obstacles or 
resistances, in that cireuit, to the flow of the current. Any altera- 
tion in any shape or form in the resistance of that circuit will result 
in the increase or decrease of the streneth of the current flowing ; 
and upon this board I will make-a rough attempt to endeavor to give 
you an idea of what occurs. You must not conceive that these 
round balls are molecules themselves ; they are merely meant to rep- 
resent the sphere of action of each molecule at each point of contact. 
Ina normal state the molecules rest against each other, as shown by 
the upper line. When, from any cause, pressure is increased, they 
are contracted, as shown in the second line; when, from any cause, 
the pressure is decreased, they expand in the form shown on the 
other line. While I speak at you, the air of this room is thrown 
into vibration, the mass of air being subdivided into molecules in 
compression and molecules in extension. In a long wire, these suc- 
cessions of compressions and extensions compensate each other ; 
but when we break up a body into infinitely small parts, when we 


make contact between two bodies as shown there, we isolate the 


portion of the sonorous wave in compression from that in extension, 


the result is that we have a variation in the resistance of the line. 
Now this variation in resistance depends upon the compression and 
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dilatation of the molecules. It depends upon the tone of the voice, Wer 
and the result is, the resistance of the current varies with its varia- ‘nt 
tion of pressure, and at the distant end we have currents varying ex- le 
actly as the voice varies, and reproducing on the telephone all the the 
effects which we have seen. Hence follows the action of the micro- 

phone, which depends upon the variation produced in the contact of or 
bodies by the sonorous vibrations of the voice. As I am now speak- "@ 
ing at that microphone. all the molecules of that transmitter are - 


thrown into this elaborate series of compressions and dilatations. 
The current is varied; the current goes to the room below, and is 
Hence the effect { 


is due to the difference of pressure at the points of contact, as is 


reproduced upon the telephone, as we have heard. 


. . . . . sf 
proved by using atmospheric pressure, applying heat, making notses, 


and any large variation of pressure results In sound being repro- 


dueed. 


No one has ever been nearer a great discovery than Mr. Edison. 


His telephone is based on the variation of resistanee in earbon due hid 


to pressure. He used carbon and_ finally divided matter; but he y 


worked on the idea that the difference in pressure was produced by 


the vibration of a diaphragm. Had he thrown away his diaphragm, 


he would have forestalled Professor Ifughes in this respect, and found 


that the sonorous vibrations themselves produced this difference of 


pressure.* The great secret of Professor Hughes’s discovery is that 


sonorous vibrations and electrical waves are to ai eertain extent 


synonymous. 
Now, as to the uses to which this instrument is capable of being 


applied. It has been applied to surgical purposes in the form of a stetho- 


scope. Though it does not show very markedly the beats of the heart, 


because they are more mechanical thumps than sonorous vibrations, 


yet it will show the injection and ejection of air in the lunes, and for 


many other surgical purposes it must become a valuable instrument. 


It admits us to some of the mysteries of insect life, and by its means 


we can hear sounds emitted by insects which have never been heard 


before. Coing further, it has enabled the deaf to hear ; deaf persons 


* It appears that Mr. Edison actually did this, but he was anticipated by Pro- 


fessor Hughes. 
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who never heard a telephone before have been able to hear distinctly. 
It has enabled us to hear the physical operation which goes on in 
the process of crystallization of bodies, and other things which before 
were wholly inaudible, and in fact it is impossible to say to what 
uses it may not be put. 

It is rather remarkable that in an excellent paper read before the 
American Electrical Society, the author, Mr. Pope, makes these 
curious remarks : — 

“The most striking results are to be looked for in the direction first 
pointed out by Mr. Gray, for the reason that if an effectual method 
of controlling the resistance of the circuit by means of atmospheric 
vibrations can be discovered, the source of power, which in this case 
is the battery, may be augmented to any required extent. It is not 
to be denied that the problem thus presented is one of exceeding 
mechanical difficulty, but there is no reason to suppose that it may 
not be successfully solved. It is to the development of this variety of 
speaking telephone, rather than to that of the magneto instrument 
that inventors will find it most advantageous to turn their attention ; 
for I hazard little in saying that the latter has already reached such 
a surprising degree of efficiency, as to leave comparatively little 
more to be done within the necessary limitations which have been 
pointed out.” 

Mr. Pope throws out as a suggestion what has now been done, 
with the exception of the supposed mechanical difficulty, and that 


has been got over by a halfpenny money box. 


Now, one very pleasing and gratifying circumstance attaches to 
this discovery of Professor Hughes. He has thrown it open to the 
world, and by that means he has no doubt checked that species of 
immorality (I don’t know what else to call it) connected with the in- 


fringement of the patent law as regards the telephone. He allows us 


all to manufacture microphones for ourselves ; but even he has been 
subject to rather a peculiar incident. One impulsive and active gen- 
tleman, who was present at the Royal Society the other night when 
Professor Hughes first described his invention, went home and made 
himself a microphone, wrote a description of it, and sent it off post 
haste to Paris. A short time afterwards, Professor Hughes himself 
with great care prepared a paper to be read before the French 
Academy, bnt to his great surprise he found that he had been fore- 
stalled ; a description of his instrument had already appeared in the 


Paris prints from the gentieman in question. 
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There are lessons to be learnt from this discovery ; and the princi- 
pal lesson is, we ean. all of us, with the means at our disposal, 
cross-question nature and find out her secrets, and there are many 
secrets which yet remain to be divulged. We learn the wonderful 
connection which exists between all the physical forces; heat and 
light, and electricity and magnetism, are all co-related ; and it has 
come to this, that what boys have said in joke, has come to pass In 
arnest. We have been able to convert electricity into light, and 
light into electricity. Weare now able to convert electricty into 
sound, and sound into electricity, and thus we are enabled to see the 
thunder and to hear the lightning. 

THe Presipent: We have listened toa very interesting and 
instructive address, and I hope it will be followed by an equally in- 
teresting discussion. I see many here who are fully able to take 
part in it, and, with your permission, I will call upon his Grace the 
Duke of Argyll to open the discussion. 

THe Dukr or ArGcytuy, K. G., rose and said: Mr. President and 
gentlemen, — Though I am a stranger here, I am very glad of the 
opportunity which the kind invitation of your President gives me to 
say a few words as to the extreme interest with which I am sure 
we have all heard the admirable lecture just delivered by Mr. 
Preece ; one which, for interest of matter and for clearness of expo- 
sition, I have never heard excelled in the course of my experience 
of scientific lectures. It is quite obvious that we are here in the 
presence of many of the most remarkable discoveries of an age which 
is full of discoveries ; discoveries which are sure to be utilized ina 
thousand ways which at present we cannot foresee. Mr. Preece has 
said at the beginning of his lecture that he rejoices, on this occasion, 
at least, that the progress of this discovery has taken place on 
Melish soil. On further inquiry, however, Iam not sorry to find 

that the distinguished man whose discovery has just. been explained, 
is, although a resident in this country, 2 citizen of America; be- 
cause, though I have as strong a patriotic fecling as any gentleman 
present in this assembly, [ am one of those who, in matters of 
science, are thoroughly cosmopolitan in the triumphs of human 
intellect, by whatever nation they may be made, and further, I am 
one of those who feel that the citizens of America are, after all, our 
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fellow-countrymen. Now, with regard to the uses to which this 
discovery may be put, there are many which immediately suggest 
themselves to one’s imagination. 

I am sorry to hear from Mr. Preece, that the immediate applica- 
tion of it, in so far as it has yet been tried, to the sounds of the 
human heart, does not throw much additional light ou that most 
curious matter, the circulation of the blood, because probably the 
sounds are of a mufiled nature, and do not give rise to sonorous 
waves such as those which have been explained to us; but I cannot 
doubt for a moment that one of the most immediate applications of 
this very valuable discovery will be a surgical application, and that 
through it our medical men will be able to pronounce upon a series 
of diseases with which we are at present wholly unacquainted. Now, 
being myself accustomed to think a good deal about political affairs, 
I confess I was struck with some of the inconveniences which might 
oceur through the agency of this discovery. Weare now very close, 
you know, to Downing Street, and it occurred to me if you placed 
one of these little halfpenny boxes in the room where the Cabinet 
sits, we should have the whole of the secrets of the Cabinet revealed 
in this hall of the Civil Engineers (laughter) ; or if by any extraor- 
dinary ingenuity, such as many conjurers can command, one of 
these little boxes could be inserted in the pocket of my distinguished 
friend Count Schouvaloff or Lord Salisbury, I have no doubt we 
should be at this moment in possession of all those secrots which the 
whole of this country and of Europe are desirous to know. Ishould 
like to know from Professor Hughes that there is some means of 
preventing this. I remember a lady friend who was very fond of 
attending sermons, and she was laid up by a complaint which pre- 
vented her going to church; but she contrived to take a lodging 
almost under the roof of the church where a celebrated minister 
preached, and she had a speaking trumpet fixed near the pulpit, and 
by that means she was able to enjoy the sermons she so much desired 
to hear. But with this instrument of Professor Ilughes we shall be 
able to poach on every one’s manor, and know every one’s secrets ; 
and I should much like to know from Professor Hughes whether, 
since one of these little boxes set anywhere in a room is capable of 
transmitting to a distance all the conversation which takes place in 
that room, bejsable to provide an antidote for it. 
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Dr. Lyon Puayrarr, M. P.: I can only sympathize with the 
remarks which my noble friend the Duke of Argyll has just made to 
us. In fact, one sees no end to the application of this discovery. I f 
have no doubt before long Professor Hughes will connect his instru- 


ment with the aerophone which magnifies sound so that one can hear 


q*. 


it over four or five square miles. Only conceive what might happen 
in a debate in which such orators as the noble duke who has just sat 
down or Mr. Gladstone made one of their magnificent speeches ; 


supposing one of these instruments were connected with the aero- 


phone, and instead of those speeches being confined to the area of 
St. Stephen’s, they were sent over four square miles of London, and 
allowed millions of the public to enjoy the beneficial effects of that 


eloquence! It is not only possible but probable. Only conceive to 


what large influences such a discovery as this may lead. Or sup- 


. posing you connect this instrument with the opera house, where one 


of our great contraltos or sopranos are singing, it would be possible 


by means of the aerophone to communicate it to a whole town. The 


development of this instrument, in connection with others already in 


existence, may be productive of prodigious effects. I think in the 


hands of the physician it will prove to be a discovery of the greatest 


importance and value. It occurred to me that though the muftled 


sounds of the heart might not be adapted for repetition, it might be 


possible in acute diseases, such as inflammation, or other acute 


diseases which proceed from too energetic action in particular parts 


of the body, it occurred to me that these might be detected by this 


agency. In the beginning of a discovery of this kind it is impossible 


for the most lively imagination to see the results that may flow from 


it; and in the hands of Professor Hughes, or in the hands of others, 


it is impossible to place a limit to the development which may result 


from the description we have heard to-night. I consider it one of 


the most remarkable discoveries of modern times, and I congratu- 


late Professor Hughes upon it. He is a citizen of a country to 


which I am dearly attached by many acts of kindness shown to me ; 


at the same time he has been so long connected with this country, 


that we may fairly claim this as the joint discovery of two great 


nations. 
Mr. WitLoucuBsy Smiru: Marvellous discoveries have been 
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brought before us lately in such quick succession, that I am pleased 


we have at leneth an opportunity to pause and reflect on what we 
have already seen and heard. I cannot agree with Mr. Preece in 
his molecular and sound-wave theory of the microphone. I be- 
lieve the phenomena to be solely due to what is known as a vary- 
ing contact, and that the microphone is nothing more than a sensitive 
commutator. Mr. Preece has told us that by the aid of the 
microphone the tramp of a fly can be heard, resembling that of a 
horse walking over a wooden bridge; but I can tell you something 
which, to my mind, is still more wonderful; that by the aid of the 
telephone I have heard a ray of light fall ona bar of metal. This 
may appear a startling statement, but with the whole facts before 
you, it will become extremely simple.  T have, ona previous occasion, 
shown that the electrical resistance of selenium is very much reduced 
immediately it is exposed either to solar or artificial light; conse- 
quently if a bar of selenium, excluded from the light, form part of a 
circuit in which are included a battery, a telephone, an electrical 
bell, and a galvanometer, nothing will be heard until the light be 
allowed to fall upon the selenium, which is done simply by raising 
the lid of the box in which the selenium is placed, when immediately 
sound is heard in the telephone, the bell rings, and the needle of the 
galvanometer moves, simply because the resistance of the circuit is 
reduced, and consequently the electro-motive force increased. Now, 
when I read that Professor TTughes had discovered that bodies were 
susceptible to sound as selenium to light, I removed the selenium 
from the circuit, and substituted every substance I could think of in 
its place, and used every conceivable means to produce sound, but 
without effect. But if, ina metallic circuit, be placed either a loose 
contact, or a sensitive commutator, then one can produce all the 
phenomena claimed for the microphone. I have obtained very satis- 
factory results from three very fine “rat-tail” files placed in the 
circuit, similar to the letter H, one end of each of the side files 
being fixed, and the other file simply lying across them; the longer 
the side files, and the nearer the cross one is placed to the unsup- 
ported ends of the other two, the better ; if the cross file be replaced 
by loose threads of metallized silk, and a spirit lamp be placed be- 
neath the same, so as to create a draught, then is heard in the 
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telephone a noise similar to the sound of the burning wick of the 
lamp, especially when first lighted. What Professor Hughes has 
discovered is, that by allowing the breath or other motive power to 
affect a sensitive loose contact or commutator, contacts of varying 
duration are made, which are reproduced in corresponding sounds 
on that marvellous instrument, the telephone. This is an important 
discovery, and Professor Hughes has my hearty congratulations. 

Mr. Latimer Crark: I did not intend to make any observa- 
tions, and I feel almost out of place, after the eloquent addresses we 
have heard, in going back to the ordinary technical view of the sub- 
ject; but I would just remark that Mr. Preece has, I think, omitted 
to mention one of the experiments of Professor Hughes. The little 
glass cylinder you see here (exhibiting), with small segments of 
willow-wood carbon dipped in mereury, is extremely sensible to 
heat ; so much so, that the approach of the hand or other warm body 
causes very great variation in the resistance of the circuit, and also 
causes a noise In the telephone. So does a slight alteration of the 
pressure on the end. If you press on the end of the tube, you cause 
«noise in the telephone, and produce great deflection of the needle 
of the galvanometer. You might make a sensitive relay by causing 
a needle or an electro-magnet to slightly compress the segments in 
this tube, which would doubtless be more sensitive to delicate cur- 
rents than any relay we have at present. I therefore throw out the 
suggestion, in order to make it public. I also think a very excellent 
Morse sounder may be made from the microphone, by causing a con- 
tinual sound to be produced in the telephone, and it is obvious that 
one source of movement would cause any number of instruments in 
an Office to produce continuous sounds, the signals would be received 


onarelay, and would come out, not as dots, but as dots and pro- 


longed dashes, which could be more accurately and easily read than 


the ordinary sound signals. 

Lorp Linpsay, M. P., F. R. S.: I will only mention one ex- 
periment which struck me as being interesting. I constructed one 
of Professor Hughes’s little instruments from a description which I 
read of it, and having stretched a piece of parchment over a circular 
frame so as to form a vibrating membrane, I attached to its centre a 
piece of carbon, which was connected in circuit with a battery by 
means of a fine copper wire. Against this piece of carbon I placed 
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a second similar piece, so arranged that I could increase or diminish 


its pressure upon the first piece by means of an adjusting screw, and 


to this piece was also attached a copper wire, by which it could be 
placed in circuit with a battery and telephone, and with the other 
piece of carbon. Under the influence of sonorous vibrations the 
membrane vibrated, and in doing so produced a variation in the 
pressure, and consequently in the electrical contact between the pieces 
of carbon, reproducing the original sounds in the distant telephone. 
On one occasion I placed the apparatus on the sounding board of a 
pianoforte upon which my little girl was practising (she was playing 
scales), and I noticed a very remarkable effect. Whenever one par- 
ticular note was struck, a harsh loud sound was heard in the distant 
telephone, although all other notes were clearly transmitted and 
reproduced. On examination, I found that the note which produced 
this curious effect was that whose period of vibration corresponded 
with that of the membrane, and in the sound produced could be 
heard the fundamental note and overtones, as well as the octaves and 
other sympathetic notes sounded by the strings of the pianoforte. 
Pror. GrawamM Brett: No one can more heartily congratulate 
Professor Hughes upon his great discovery than I do. I think all 
those who investigate telephonic effects will realize that we have 
touched upon the threshold of a new science, and that we have 
discoveries yet in store for us. I must confess that the expla- 
nation of the action of the microphone afforded by Mr. Preece and 
Mr. Willoughby Smith are to my mind not perfectly satisfactory. 
There are certain points in the telephone itself that may lead us to 
the true solution of this problem. If you fix your attention upon 
the first diagram shown by Mr. Preece, you have a constant source 
of electricity (the battery), a telephone, and this curious instru- 
ment. Now, the laws of audibility of the electric current by the 
telephone are analogous to the laws of induction. No sound is audible 
so long as your current is of uniform intensity. But the moment 
you change its intensity, you have a sound from the telephone. Con- 
versely, when you have a sound from a telephone the intensity of the 
current passing through it has been changed ; and the loudness of the 
sound is an index of the amount of change. Now, unless the micro- 
phone were itselfa source of electricity, it is evident that the only way 
in which it can change the current is by varying the resistance of the 
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circuit. So far we may be perfectly certain that the action of this 


instrument depends upon the variation of the resistance ; and the only 


question as to how this variation of resistance can be accomplished, 
by the influence of such feeble sounds as those produced by 
the escapement of a avatch, or the footsteps of a fly. As the 
sounds produced from the telephone are quite loud, the cur- 
rent must change very greatly in intensity, and the resistance of 
the microphone must vary in a most extraordinary manner, probably 
being at its maximum many times the resistance of the rest of the 
circuit, and at its minimum but a fraction of it. Mr. Preece seems 
to consider that the molecules of the substance composing the micro- 
phone change their shapes when subjected to compression by a 
variable force; and he has figured to us his conception of the alter- 
nate contraction and expansion of a chain of molecules under the 
influence of sound. Mr. Willoughby Smith, on the other hand, 
attributes the effects produced by the microphone to imperfect con- 
tact. He supposes the carbon points to rattle against one another 
under the influence of a sound, and he seems thus to regard the 
microphone as a delicate form of interrupter. I am more inclined to 
accept Mr. Willoughby Smith’s explanation than that given us by 
Mr. Preece; but the reproduction of articulate speech negatives the 
assumption that the microphone acts as interrupter. The possi- 
bility of producing electrically any given quality of sound depends 
upon the possibility of producing a current of electricity, the inten- 
sity of which varies in a manner proportional to the varying ve- 
locity of a particle of air during the production of that sound. 
Hence, however much the points in contact may rattle together, the 
circuit must not be broken or the effect of quality will be lost and a 
mere noise be produced instead. If I might offer a suggestion, I think 
it probable that there is a variation in the amount of contact. Let us 
suppose an enormous number of particles to be in contact (each singly 
offering a high resistance to the passage of a current, but conjointly 
offering very slight resistance), then when the microphone rattles un- 


der the influences of a sound, a larger or smaller number of particles 


come into contact, and the resistance of the microphone changes with- 


out absolute break of circuit. Still we must not forget that at each ‘ 


increase of resistance, heat must be produced at the points of contact, 


and it is probable, nay, extremely likely, that heat has a great deal to 
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do with the results obtained. [was experimenting with a microphone 
the other day, and it kept on vibrating on its own account for nearly 
two minutes. A clear musical tone was emitted by the telephone in 
circuit with it. The microphone always exhibits a tendency towards 
vibration on its own account, when it is adjusted most delicately. 
The instrument, as I constructed it, consisted of a rod of charcoal 
placed horizontally, with its ends resting upon two other rods of char- 
coal. This arrangement, when shown to Professor Dewar, at once 
[ think it not at all 


unlikely that the microphone ‘Is in reality a species of Trevelyan’s 


suggested to his mind’ Trevelyan’s bars 


rocker, and that it may thus be in a condition to be affected by 
feeble sounds. It is quite conceivable that sounds too weak by 
themselves to throw the mass of the microphone into sensible vibra- 
tion, may yet be sufficiently strong to start and control the vibrations 
due to heat, or at least it is conceivable that heat may assist the 
action of the sound. for instance, suppose the charcoals rattling 
together under the influence of a sound. 

Now, as the charcoals separate, the resistance of the microphone 
increases, the points of contact become heated, and the expansion 
due to this cause occasions a greater separation than would other- 
wise take place. Thus heat may co-operate with a feeble sound to 
produce a greater amplitude of vibration at the points of contact 
than would be produced by the sound alone. Those who are inter- 
ested in this subject would do well to read Professor Page’s paper 
upon “The Vibration of Trevelyan’s Bars by the Galvanic Current.” 
The microphone recalls vividly to my mind some of the illustrations 
in this paper. Whatever may be the true explanation of the effects 
produced by the microphone, there is evidently a vast field open be- 
fore us for inquiry. IT will not take up your time with any further 
remarks, but will merely again offer my congratulations to Professor 
Hughes upon his discovery. 

Pror. Hugues: It seems that the description of the microphone 
is not well understood. I can excuse that, because it is as much as 
I can do to understand it myself; but as far as my experiments 
have gone, they show that the effects produced are the result of the 
Mr. Willoughby Smith 


designated it a commutator, and attributes the effects to contact. 


inerease and diminution of the resistance. 
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That is quite right, only it is not from the point from which I 
view it, and that is the way in which the effects differ. 

If we take a board like this (¢//ustrating), and give it a blow 
here, that nail will jump up from the transmission of force. The 
same thing takes place in acoustic properties. A blow is simply 
rapid pressure, as distinguished from hydraulic pressure ; the differ- 
ence between a blow and hydraulic pressure is one of rapidity. If 
you take a piece of glass and put sand on it, and strike the glass, 
the sand will jump away and form figures. So it is here.  (Pro- 
JSessor Ilughes illustrated his views by means of diagrams on the 
board, showing the curves of articulated sounds, both tn speaking 
and singing, etc. ) 

THe Prestpent: As time is advancing, and as Mr. Preece, I 
believe, has some further experiments to exhibit, at the close of the 
meeting, I will make a few observations only on the very interesting 
matter which has been brought before us. The discussion that has 
taken place is remarkable for the excellent temper which has been 
shown between two great rival discoverers. I think all of us must 
have been pleased to have seen how these two gentlemen, Professor 
sell and Professor Hughes, have described and brought before us 
their particular views regarding certain actions in the two instru- 
ments, the telephone and microphone, which, when we come to 
compare them, will be found to have many points of analogy, and 
though essentially different in detail, tend towards the accomplish- 
ment of the same important end. Mr. Preece and Professor Bell 
differ with regard to the action which takes place in the microphone ; 
and Professor Hughes favors naturally the views which Mr. Preece 
had expressed; but I think there is probably not so much difference 
between these two views. = It 1s quite evident that the action of the 
microphone is due to variation in electrical resistance produced by 
Vibrations in an imperfect conductor, such as carbon, or an agere- 
gate of divided pieces of metal, and the question for consideration Is 
how this variation mn resistance is effected. When two pieces of 
carbon are pressing one upon the other, and vibration is imparted 
to one of them, it is easily conecived that in consequence of this 


vibration the pressure between the adjoming points of the carbon 


will be modified, and in consequence of such variation in pressure, 


the electric cond 
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according to Professor Hughes’s application, the cause of variations 
in the electrical resistance must be looked for in the lateral increase 
of points of contact. 

We have another discoverer who has already thrown light upon 
this subject, viz., Mr Edison of New York, the well-known discov- 
erer of the phonograph, who, in constructing a form of telephone of 
his own, introduced carbon contact, which gave him _ resistances 
variable with the amount of physical pressure he brought to bear 
upon the carbon; and I must say that this question of varied resist- 
ance due to vibration will probably resolve itself simply. into a 
question of pressure between particles of matter which are conduct- 
ing in themselves, but which are held so lightly in contact that 
pressure is needed in order to establish conductive continuity. 

I should have liked that something more had been said of this dis- 
covery of the microphone, with reference to its two elder sisters, the 
telophone and the phonograph, being of opinion that the three are 
only separate steps in the achievement of an advance in physical 
science which bids fair to be considered hereafter as one of great 
moment, not only as regards telegraphy, but as a means also of af- 
fording a more perfect insight into the nature of molecular action. 
We have heard from Mr. Willoughby Smith, that in substituting crys- 
talline selenium for carbon in the microphone, a ray of light pro- 
duces an effect analogous to mechanical vibration, and announces it- 
self in a report comparable to a clap of thunder; and I can quite 
follow him in his arguments with respect to the matter. 

His Grace the Duke of Argyll alluded to the application of this 
discovery to physiological research, and I could have wished that some 
of our learned physicians had taken up this point in the discussion, 
because I believe myself that the influence of these discoveries upon 
physiological research will be very great indeed. One thing has 
occurred to me in considering these matters, which I will take the 
liberty of mentioning. We have the remarkable effect of the phono- 
graph producing a record of sounds simply from the indents given to 
a slip of tin-foil, which record can be reproduced at any time. This 
strikes me as being an exceedingly analogous case to the impress 


produced upon the brain by what we hear and see. An impress is 


produced, which for the moment seems lost, but which, in a vig- 
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memory is not conceivable on any other hypothesis but that of a me- 
chanical record being left on the brain, and stored up for perhaps 
half a century, to be restored in the succession in which it has been 
laid down; otherwise, how could the human mind reproduce impres- 
sions imparted years ago at will, or how could they be involuntarily 
revealed in our dreams? The discoveries which are now brought 
hefore us will undoubtedly serve to increase our stock of knowledge 
on physiological and metaphysical as well as physical subjects, re- 
garding molecular action, of which we have hitherto had but very 
imperfect indications ; and I think we cannot be too thankful to those 
gentlemen who have enabled us to discuss them as we have done, 
and I will therefore move that a hearty vote of thanks be given to 
Mr. William Preece for his communication. I think our thanks are 
also due to the two discoverers who are here to-night, and have 
given us the benefit of their views. I therefore propose that we also 
return our thanks to Professor Hughes and Professor Graham Bell. 

The votes of thanks were unanimously accorded. 

Mr W.H. Preece: My remarks will be very few. As I said 
when I spoke on the theory of the thing, I had not time to enter 
into it. In point of fact, there is no real difference between the 
views of Mr. Willoughby Smith, Professor Graham Bell and my 
own. The only difference is difference of language. Most differ- 
ences in scientific controversies are attributable to difference of lan- 
guage. Whether variation of current is due to difference of contact 
or difference of pressure, matters very little, provided we use con- 
tact and pressure to imply the same thing. That which I call pres- 
sure, others call contact; and that which Mr. Willoughby Smith 
calls contact, I call pressure. It has afforded great pleasure to me 
to bring this matter before you. I have had, during the last twelve 


months, the pleasure of introducing before you the telephone, the 


phonograph, and now the microphone; and I hope next year, when 


we meet again, it will still be my pleasure to bring forward other 
new inventions and discoveries. I was anxious that Professor 
Hughes should have brought this subject before you himself; but, if I 
had not undertaken to do so, you would not have had it. Beyond 
assisting Professor Bell, Mr. Edison and Professor Hughes in any 
way I could, I can claim no merit of my own, either in respect to 
the telephone, the phonograph or the microphone. 
The meeting then adjourned to the 13th of November. 
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From the Telegraphic Journal and Ele trical Review, for Aug. 15, 1878, 
Vol. VI., pp. 343-345. 


THE MICROPHONE RELAY. 


BY PROFS, EDWIN J. HOUSTON AND ELIHU THOMSON, OF THE PHILADELPHIA 
CENTRAL HIGH SCHOOL, 

Immediately after the announcement by Prof. Bell of his remark- 
able invention of the articulating telephone, we proposed for our- 
selves the task of relaying this instrument. Quite a number of 
different arrangements were tried, but, owing to the exceedingly 
feeble movements of the diaphragm of the receiving telephone, none 
of them were very successful. The discovery by Prof. Hughes, 
however, of the inexpressibly delicate microphone, happily afforded 
us the means of at last solving the problem at which we had been so 
long engaged. 

In our application of the microphone for the relaying of the tele- 
phone, we attach a miniature microphone to the plate of the receiv- 
ing telephone. The microphone so attached consists essentially of 
three small pieces of carbon, each being about three eights of an inch 
in length. These pieces are arranged exactly as in the manner 
descriped by Prof. Hughes, viz., one of the pieces of carbon, which 
is sharpened at both ends, rests vertically in small cavities near the 
ends of the two other pieces, as shown in Fig. 1. The two carbon 
supports for the third piece are cemented at their ends directly to the 
plate of the telephone. 

The microphone so constructed is placed in the new circuit in 
which it is desired to repeat the message originally transmitted. 
The method of its operation is evident. The slight movements of 
the diaphragm of the receiving telephone, which are, in fact, so 
slight as to render them almost impossible of detection by mechanical 
means, are nevertheless at once recognized by the marvellously sensi- 
tive microphone, and are repeated in the new circuit as variations in 
the intensity of the electrical current traversing it. The message so 
relayed or repeated, for it is evident that the instrument can be used 
either as a relayer or a repeater, may be either received at once by a 
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telephone placed in said cireuit, or may be again repeated ina new 
circuit. By this means we believe that the distance to which a 
telephone message can be transmitted will be very greatly increased. 

Owing to the extreme sensitiveness of the microphone, it will be 
necessary, in the practical application of this instrument as a relay, 
to carefully shield it from all extraneous sounds, which, weak though 
they may be, are nevertheless very loud when compared with those 
which would be produced by the feeble movements of the plate of 
the receiving telephone. This may be obtained in practice in several 
ways, as, for example, by placing the microphone relay in a box 
with double or treble hollow walls lined with cotton, wool, or some 
other non-homogeneous material, or by sinking the Instrument In a 
pit under ground. We have found but little difficulty, however, in 
the trial of our instrument over a city line of some three miles in 
leneth, of obtaining the quiet necessary for the working of the in- 
strument, although the latter was placed ina large room in the second 
story of a building facing a public thoroughfare, and the time of 
trial was shortly after midday. 

The microphone, when properly constructed, has its greater sen- 
sitiveness when the piece of carbon, pointed at both ends, rests ina 
nearly vertical position. Its electrical resistance is then at its maxi- 
mum. In this position the upright carbon is resting on its extreme 
ends, and the cross section of contact a minimum. So placed, the 
slightest acoustic movement brings portions of the conical surfaces 
of the upright pieces against the edges of the cavities, and thereby 
diminishes the resistance by increasing the area of the surfaces in 
contact. If now it be desired to diminish the sensitiveness of the 
instrument, it is only necessary that it be so placed that the upright 
carbon be no longer supported vertically, but be slightly inclined. 
In this position more force is required to move the upright piece, 
and so cause it to vary the electrical resistance. In all the micro- 
phones that we have experimented with when the upright piece was 
held nearly vertically, whispers or other faint sounds were distinetly 
transmitted, but the voice of a person standing a few feet from the 
instrument, and speaking as in ordinary conversation, caused such a 


rattling of the receiving instrument as either to render the sound 


unintelligible or greatly confused. In all such cases a certain in- 
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clination could be obtained, varying slightly in each instrument, at 
which the rattling of the instrument entirely disappeared, and the 
sound was distinctly and loudly transmitted. 

When the microphone relay is placed in a circuit whose resistance 
is considerable, as, for example, at the end of a distant station, we 
increase the sensitiveness of the instrument by attaching a number 
of minute microphones to the receiving diaphragm, as shown in the 
figures. These may be connected in series, as in Fig. 3, or.in mul- 
tiple are, as in Fig. 2. 
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Fia. 2. FIG. 3. 

Since the variation in the electrical resistance of the microphone 
depends mainly on the upper contact of the loose piece with its 
support, an increased delicacy may be obtained by attaching this 
support directly to the middle of the diaphragm of the receiving 
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instrument, while the lower support need not necessarily be attached 
to the diaphragm. 
We have measured the resistance of a microphone, in which the 


movable piece was composed of a piece of earbon about one and a 


quarter inches long and a quarter of an inch square, and find that 
when placed in an upright position it has a resistance of about fifty 
ohms, varying, however, ina marked manner, with any sound. The 
same instrument, when turned at an angle of about 40° from the 
vertical, was found to have its resistance diminished to about 
twenty-five ohms. 

It may be mentioned, as an interesting fact in regard to the micro 
phone, that when the upright piece is placed in the position of its 
createst sensitiveness, and a moderately loud sound is made near it, 
although such sound is only transmitted as a confused rattling, yet 
its resonance can, in most cases, be distinctly heard. This is prob- 
ably the cause of the peculiar ringing sound heard when the micro- 
phone transmits mere noises, such as those produced by a person 
walking. 
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GERMAN PATENT 4.000. ROBERT LUDTGE IN BERLIN: 
TRANSMITTER AND RELAY FOR ELEcTRIC TELEPHONES. 
PATENTED IN GERMANY, 12 JANUARY, 1878. 
The principle and the construction of the Bell Telephone entail, 


in so far as it is used for receiver and transmitter, several inconven- 


iences that cannot be removed without a change of principle, but 


which interfere with its employment for long distances as well as for 
household uses. The fact that the instrument is constructed only 
for induction currents and is very sensitive to these same, alone 
introduces the annoying adjunct, that all other disturbing operations 
of induction, such as working on collateral lines, make themselves 
very perceptible. The fact that these induction currents are en- 
gendered by the vibrations of the air produced by our mouths alone 
without the assistance of any ulterior source of power, make them 
seem too weak for intercourse over large lines, and for domestic 
use not suflicient to compete with the disturbing noises in the 


neighborhood. 
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Considerable progress is made towards meeting these objections 
by using for telephoning not induction, but battery currents, that 
ofter the further advantage, that, as a new additional source of power, 
they allow the operation to be intensified. In this connection 
several experiments have already been made and their results 
published. 

Before all such, must be mentioned the telephone invented by 
Reis in 1863, but the trouble with that is, that in response to the 
vibrations of sound, it only just opens or closes the battery current. 
The greater or less intensity or amplitude of the sound waves can, 
therefore, not express itself in a greater or less intensity of the 
battery current. The more delicate relations of vibrations which is 
the first thing to characterize a letter or a word find no expression, 
hence disappear in the tinal operation which, in consequence, con- 
sists almost solely of the repetition of the rhythm of the funda- 
mental tone. 

Furthermore, there belongs in this class the telephone of Edison, 
in New York, which uses the vibrations of a metal plate that is 
talked at, more or less to compress an appropriately applied piece 
of graphite introduced into the circuit of a battery, and inasmuch as 
the resistance of the graphite is influenced by the pressure so the 


intensity of the current is changed by the vibrations of the plate. 


The present invention is founded essentially on the following dis- 


COVeCTY > 

If a point of interruption is introduced in the circuit of the bat- 
tery, say by simply cutting the conducting wire, and laying the two 
cut surfaces against each other, a passage resistance will arise at the 
point of the cut that will be smaller in proportion as the two cut 
surfaces press more strongly against one another. This fact is easily 
verified by the aid of a sufficiently sensitive galvanometer; it can 
also be verified by a Bell Telephone introduced into the circuit, as it 
ean then be distinctly heard how the current is restored when the 
two cut surfaces are brought together again, and then how it is 
changed in intensity according to the force with which the surfaces 
Aare pressed together. 

Now, if the one cut surface be so constructed as to be set in vibra- 
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tion by speaking or other noise, it will be made to press upon the 
other cut surface in contact with it variously according to the inten- 
sity and form of the single vibrations. The passage resistance at 
this point will be exactly influenced in magnitude by the intensity, 
form and number of sound vibrations of the sounding surface and 
therewith determines also the intensity of the battery current 
already existing in the circuit. In other words, each sound vibra- 
tion which the sounding surface performs, causes a simultaneous in- 
crease of intensity of the battery current exactly corresponding to the 
amplitude of the sound vibration, and a Bell Telephone introduced 
into the circuit will translate this increase of intensity back again 
into the corresponding operation of sound. As this process is valid 
for every vibration, the Bell Telephone acting as receiver will allow 
all the vibrations to be heard that are produced by the one cut sur- 
face at the point of interruption acting as a transmitter, and that, 
too, with all the refinements, as no closing and opening of the cur- 
rent takes place, but merely an increase or decrease of intensity 
according to the force of the pressure with which the two surfaces 


touch, and which in this case is altered only by the vibrations 


executed by one surface against the other when giving forth sound 


or else being talked at. 

From what has gone before itis clear what principle it is that 
serves as a foundation for the present invention. Now follows the 
constructive application of this principle : — 

The construction finds as its most essential problem the manner in 
which the two ends of the peint of interruption, hitherto designated 
as “cut surfaces” shall be shaped, in view of the object to be at- 
tained. These two’ends must remain uninterruptedly in contact, so 
that the circuit shall always remain closed, but the intimacy of their 
contact must be so slight that at the point of interruption a percept- 
ible passage resistance is offered to the electricity ; that the intimacy 
of the contact and with it the passage resistance shall vary as soon 
as one or* both of the two ends is set into sound vibration. 


é. ; ; 
In this connection it must de observed that the contuct for this 


*Misprint in the German ‘ ober ” for ‘ oder.” 
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reason must not be too intimate, that the sound vibrations of the 
one end must always be perceptible to say the least. 

To solve this difficulty various constructions have been applied 
ach especially suited for some peculiar collateral purpose. The 
following parts are common to all the different constructions : — 

l. <A battery for developing electricity. The strength of the 
same depends on the length of the circuit, intensity of operation to 
be produced, ete. 

2. <A conductor of ordinary electric conducting wire. 

6. <A telephone of Bell construction introduced into the circuit 
at the receiving station to receive the despatches. 

For the transmitter introduced into the circuit at the transmitter 
station and forming the object of this invention, the following con- 
structions have given the best results : — 

The first construction is shown by Fig. 1, of the accompanying 
drawing. Against a round, smooth metallic plate @ (sheet iron, 
sheet zine, thin silvered @lass, ete.), fastened in a wooden ring from 
2 to 10 cm. in diameter and not thicker than 1 mm. set 1n connec- 
tion with one pole of the battery by the wire & or else by the ground 
wire, there is pressed a metallic pin ¢ connected with the other pole 
of the battery (adjusted) by means of a micrometer stand and 
screw d, so that it touches the plate gently and closes the circuit 
by means of the conducting wire e. Now if speech or song 1s 
directed against the plate a, then the intimacy of the contact 
between plate and pin will be varied and the required opera- 
tion produced. The micrometer screw must be cut very fine to 
admit of the most advantageous adjustment of the pin, and as 
the apparatus is sensitive to the slightest jar, it will be advisable 
to set it up on an insulating column. Unavoidable changes of 
temperature occasion a frequent readjustment. Due consideration 
being had for these inconveniences in accordance with the exi- 
gencies of the case, this construction will commend itself by its 
very great sensitiveness and its very favorable intensity at the 


receiver stations Furthermore, in Fie. 1, f is the wooden. shell, 


(fastening), g the speaking trumpet, 4 the battery, 7 the ground 


plate, 4 an insulating layer for the platinum point, 7 clamp screws, 


LUDTGE’S GERMAN PATENT. 


m the spindle of the micrometer screw, n the receiver. The pin ¢ 
can also be replaced by a second plate 6 as shown in Fig. 2. In 
this case the micrometer screw is replaced by a screw-threaded brass 
ring /, to adjust the relative positions of the plates a and 6. In this 
construction it is indifferent which of the plates is spoken at. It is 
better to vault one of the two plates, as shown in Fig. 2. 

Furthermore, in the same figure, / is the wooden ring for enclosing 
the whole, p the wooden ring for holding the plate 6 fast, 7 and ¢ 
brass rings screw-threaded, 7m clamp-screws for the conductors r and 
s. A second method of securing the proper contact of the plate a, 
with the pin c, or the other plate, is to allow the pin or the plate to 
lie upon the plate a, with its own weight. 

This construction 1s shown in Fig. 65 for plate and pin, and in 
Fie. 4 for two plates. The pin ¢ stands vertical, moving easily in a 
metal tube 6, but always in conducting contact. It is gently pressed 
by its own weight upon the plate a. ‘The intimacy of this contact 
is regulated first by the weight of the pin, then by the inclination 
given to the whole apparatus. The meaning of the remaining letters 
in Fie. 3 is as follows: @ arm for the contact pin, 7 oscillating plate, 
jf wooden fastening (shell), 7 clamp screws, / conducting wires, E 
receiving station, B battery. In using the plate, Fig. 4, the means 
of adjustment remain the same, the plates a and 6 are introduced 
into the circuit by thin wires 7 and s. 

A third method of adjusting the contact both for plate and pin and 
for two plates is shown in Fig. 3. In other respects the construction is 
like the preceding, only that underneath the plate a magnet or electro- 


magnet m, is applied whose attraction for the iron pin or plate above 


the oscillating plate serves to regulate the intimacy of contact. A 


fourth method shown in Fig. 5 is by adjusting and fastening the two 
contact plates by pads of wadding, a construction distinguished for 
its simplicity and handiness 'f not for great (excellence of) operation. 

In general the constructions with two plates are more durable and 
simpler to manipulate, and work much neater and cleaner. But the 
pin and plate construction works with greater sensitiveness and 
intensity. It will be clear from what has gone before, that all con- 
structions mentioned will fit for the use of the transmitter as a relay, 
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as Fig. 6 shows. In this case the plate @ is identical with the tron 
plate of the Bell Telephone, only it is set in vibration now, not 
directly by the voice but by inductive and magnetic forces operating 
below it called into action at the transmitter, and then propagates 
the vibrations received to the receiving station as a transmitting 
apparatus would do. 

Claim. ‘The construction of a telephone transmitter which oper- 
ates by means of the variations produced by sound vibrations in the 


intimacy of contact of two or more solid electric conductors, is driven 


by battery currents and can also be used as a relay in telephone 


establishments. 
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as Fig. 6 shows. In this case the plate @ is identical with the iron 
plate of the Bell Telephone, only it is set in vibration now, not 
directly by the voice but by inductive and magnetic forces operating 
below it called into action at the transmitter, and then propagates 


the vibrations received to the receiving station as a_ transmitting 


apparatus would do. 
Claim. The construction of a telephone transmitter which oper- 


ates by means of the variations produced by sound vibrations in the 


intimacy of contact of two or more solid electric conductors, is driven 
by battery currents and can also be used as a relay in telephone 


establishments. 
(v1) 
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CERTIFIED COPY AFFIDAVIT OF GEORGE GIFFORD IN THE 
GHEGAN CASE. 


Cnited States Circuit Court, 
DISTRICT OF NEW JERSEY. 
IN BQUITY. 
AMERICAN Bett TELEPHONE COMPANY 
JOHN J. al ET AL. 


AFFIDAVIT OF GEORGE GIFFORD. 


STATE OF NEW York, 
City AND County OF NEW York, SS. 

George Gifford, being duly sworn, deposes and says: I am a 
counsellor at law, practising in the city of New York. In the years 
1878, 1879 I was one of the counsel of the Western Union Telegraph 
Company. | 

At that time the Gold and Stock Telegraph Company, a company 
connected with the Western Union Telegrayyh Company, had manu- 
factured and were controlling the use of many thousands of tele- 
phones, and had established telephone exchanges, auxiliary to their 
telegraph business, in the city of New York and elsewhere. The 
telephones controlled by this company were composed of a receiver, 
now generally known as the “ Magneto Receiver,” and understood to 
be substantially a thing described in Bell’s patent; but they were of 
a form which was claimed had been constructed by Phelps and Gray. 
The transmitters were carbon microphone transmitters, constructed 


under the plans of Edison and Phelps, and were in controversy in 


applications for patents by Edison and Phelps, and contained the 
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induction coil covered by the Page patent, also owned or controlled 
by the Western Union Telegraph Company. 

A bill in equity was brought against a defendant, Dowd, who was 
understood to be one of the agents of these companies, and the suit 
was defended by the Western Union Telegraph Company. An 
answer was filed, setting up a great variety of defences, all of which 
will appear by reference to the record itself. Among other defences, 
the European publications relating to Reis’s invention were relied 
upon, and it was alleged that Bell’s telephone, as described in his 
patent, was not capable of talking. 

Elisha Gray was also set up as a prior inventor, and the inven- 
tions of Edison and Dolbear were pleaded. 

A very vigorous defence was made by the Western Union Com- 
pany, and testimony of great length and at great expense was taken 
in support of the answer. After the testimony was closed, or sub- 


stantially closed, on both sides, [ was econvineed that Bell was the 


first inventor of the telephone, and that the defendant, Dowd, had 


infringed said Bell’s patent by the use of telephones in which carbon 
transmitters and microphones were elements, and that none of the 
defences which had been set up could prevail against him; and I 
advised the Western Union Company to that effect, and that the best 
policy for them was to make some settlement with the complainants. 

For the purpose of effecting such a settlement, the position of the 
Western Union Telegraph Company was very strong. They owned 
or controlled what is known as the Page patent, and which covered 
the “induction coil” used in the transmitters of the telephones, and 
was of great importance to them. They also owned or controlled 
two patents of Gray for harmonic telegraphs, which it was contended 
would be infringed by the use of the Bell telephone ; and they con- 
trolled applications for patents by Gray for a receiver used in a tele- 
phone, and by Edison for carbon transmitters and microphones, 
which it was claimed and expected would be granted in the Patent 
Office over Blake, whose transmitter the Bell Telephone Company 
claimed to control and had in use. The situation then was that 
while I believe that Bell was the inventor of the telephone described 
and claimed in his patent, and that his patent covered the various 
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forms of telephones controlled by the Western Union Telegraph 
Company, in which carbon transmitters and microphones are ele- 
ments, yet the Western Union Company controlled patents and 
inventions which it was claimed might cover all known forms of 
telephones. 

Under my advice, a negotiation was opened with the complainants 
on the basis of the claims which the Western Union Telegraph Com- 
pany made, that the telephone used by the complainants was an in- 
fringement of the patents and applications for patents owned or 
controlled by the Western Union Telegraph Company. I met Mr. 
Chauncey Smith, counsel for the Bell Telephone Company, by ar- 
rangement, at the White Mountains, where we remained for a week 
in negotiation. I opened the negotiation on my part by admitting 
that Bell’s patent was valid, and that the defendant infringed it ; and 
those questions formed no part of any discussion between us; but I 
claimed, on the part of the Western Union Company, in view of 
their patents, that all the patents should be put together, and that 
they should have one-half interest in the joint property. This claim 
was refused by Mr. Smith, and the negotiation failed at the White 
Mountains. Upon our return to New York, however, the principals 
themselves took it up, and the negotiation resulted in the surrender 
by the Western Union Company to the Bell Telephone Company of 
certain telephones, lines and exchanges, and in their giving to the 
Bell Telephone Company an exclusive license under all the patents 
which they claimed were infringed by the telephones. 

In exchange for these licenses the Western Union Company. got a 
small interest, much less than I claimed for them in my conference 
with Mr. Smith, in the results of the combined patents, and the en- 
tire business was left in the hands of the Bell Telephone Company. 

The negotiations on the part of the Western Union Telegraph 
Company were conducted by a committee of three, composed of Dr. 
Green, Gen. Stager and George B. Prescott, who at that time was 


the electrician of the Western Union Telegraph Company and vice- 


president of the Gold and Stock Telegraph Company, and the author 


of a book on the “Speaking Telephone.” The negotiations lasted 
for some months, and every step was vigorously contested until all 
(3) 
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the points were agreed upon, and the settlement met my approba- 


tion as counsel. The proceeding was adversary from beginning to 
end; but, in view of the facts as they appear in evidence, It was con- 
ceded in behalf of the Western Union Company in the beginning of 
the negotiation that Bell was the first inventor of the telephone. If 
the Western Union Company had prevailed in their interferences, 
the Bell Telephone Company could not have used in their business 
the Blake transmitter, or any other form of carbon transmitter, and, 
inasmuch as the carbon transmitters with the induction coil are valu- 
able improvements in the telephone, the Bell Telephone Company 
would have been compelled to purchase them at the Western Union 
Company’s price. 

This settlement never would have been advised by me if I had 
not believed, upon the record, or through facts which I could ascer- 
tain, that the Bell patent was valid, and that all microphones and car- 
bon transmitters, as far as I know or could ascertain, infringed it. 


GEO. GIFFORD. 


Subscribed and sworn to before me this 19th Sept. 1882. 
[ SEAL ] W. F. Harcoop, 
Notary Publie, 
N. Y. Co. (102). 
A true copy. 
[ SEAL ] S. D. OxLieiant, 
[ : 
Clerk. 
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Notes OF EXPERIMENTS IN THE Dobtprearn CASE, RELATING TO THE 
USE OF Reis TRANSMITTER WITH MopreRN MaGnetro. ReE- 
CEIVERS, AND OF REIS RECEIVERS witH MobpERN CARBON 


MICROPHONE ‘TRANSMITTER. 
Boston, June 2, 1885. 


The experiments took place as follows : — 
Notes oF Mr. BaAaRNEs, Snorr-HAND Writer, AT THE TRANS— 
MITTING Room. 


Transmitting station: Present, Mr. Maynadier, Mr. Storrow, 
Professor Cross, Mr. Eaton and Mr. Barnes. 

At the receiving station: Mr. Buck at the receiver, Mr. Chauncey 
Smith, Mr. Copeland and Mr. Leighton. 

At the transmitting station: Defendants’ Exhibit 2ets Transiiitter 
connected in circuit with one Grenet cell, and a tinger key in the 
circuit which opens the circuit when not in use. 

In the receiving room connected with this is the magneto receiver 
No. 9, Mr. Buck listening at it; also, between the two rooms, an 
independent circuit used as a telltale line, with a magneto telephone 
at each end, Mr. Smith attending at the end in the receiving room, 
and Mr. Storrow in the transmitting room. 

[ Mr. Srorrow (through telltale line): Hullo! hullo! are you 
ready ? | 

Mr. Eaton (speaking against the top of the Reis transmitter and 
not into the mouthpiece) : Hullo! Mr. Buck. Do you get this all 
right? Mr. Buck, are you all right, Mr. Buck ? 

| Mr. Srorrow (through telltale line): Hullo! are you ready? 
Hullo! hullo! are you ready and listening ? | 

Mr. Eaton (speaking as before and about a foot away from the 
transmitter): Hullo! Mr. Buck. One, two, three, four, five. Do 
you get this allright? [Time 10.52.] A gentleman here says not 
to go so quick. How do you like it? One, two, three, four, five, 
six, seven, eleht, nine, ten. Mr. Buck, I dont know whether I have 
got this arranged just right or not, because J can’t get any word from 
you, but I guess you will get some of it all right. Tlow do you 
like that, Mr. Buck? Boston, Charlestown, twenty-five, eighty- 
four, one hundred and one, two. Get any of those figures’ Tullo, 
Mr. Buck, did you get any of that? One, two, three, four, five, six, 
esven, eight, nine, ten. How is that, all right ? 

[| Mr. Srorrow (telltale line): Hullo, what is it’ Hullo there, 
What is it 7] 

Mr. Eaton: Hullo, what is it ? 

[ Mr. Srorrow (telltale line): Hullo, Mr. Smith, Hullo, hullo. ] 

(N. J. McDONoUGH. ) (i) 
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Mr. Eaton: Hullo, Mr. Buck. Mr. Storrow was hollering to 
Mr. Smith; didn’t any of you get anything there? 

(Mr. Storrow (telltale line): Tullo, are you ready, listening ? 
Now we will go ahead. | | 

Mr. Eaton: Mr. Storrow tells me to go ahead, Mr. Buck. Are 
you listening there? One, two, three, four, five. How do you get 
that, all right? Am I about the right distance away?’ Would you 
rather have me speak down in here than up on top? How do you 
get this? (This last sentence spoken into the mouthpiece. ) [Tullo, 
I understand you want it a little lower. Tlow do you get this, Mr. 
Buck, all right? Boston, Charlestown, Somerville, seventy five, 
eight hundred and twenty, three, sixteen, eighty-five, twenty-four. 
Get that allright? The defeat which the government suffered in the | 
division on the affirmation bill has set people thinking seriously 
about their future and that of the present Parliament. It is the first 
heavy check they have encountered, and our experience is that a 
ministry which has once been beaten in a_ pitched battle, seldom 
recovers its streneth, and never its prestige. Had this battle been 
one of a distinctly party character, the ministry must, of course, 
have resigned. Tow ts that, allright, Mr. Buck? But the bill they 
were beaten on was no part of their political programme. They did 
not take the matter up because they regarded It as one of political 
consequence, but merely in order to extricate the Tlouse of Com- 
mons and constituency of Northampton from a dead lock which was 
disquieting to both Parllament and the country, as they contended 
that the IHlouse of Commons had erred in refusing to permit Mr. 
Bradlaugh to take the oath after his re-election from Northampton. 
They might, perhaps, have left it to bear or settle for itself the con- 
sequences of that error, but there Is a general feeling in Eneland 
that when any screw gets loose, it is the business of the executive to 
put it into its place agai, and the fact that the question of Mr. 
Bradlaugh’s admission remained open was damaging to the ministry 
in both directions. How ts that, all right ? 

[Time 10.58. ] 

| Mr. Srorrow (telltale line): Hullo, hullo. Are you ready? 
About one minute. Are you ready 7 | 

(The speaking so far has been into the top of the instrument, 
and not into the mouthpiece, and at a distance of from four inches 
to a foot from the membrane. ) 

(Mr. Maynaprer: The trouble is, Mr. Buck says, Mr. Smith 
wanted him to speak every word he heard and Mr. Buck cannot do 
that, the way you talk so rapidly, without losing, as you see at 
once, the greater part of what immediately follows, because while 
he is speaking, saying what he heard, he loses all that immediately 
follows. He only knew you were talking about Bradlaueh and the 
English government; something of that sort. | 

Mr. Eaton (speaking to top of the instrument. [Time, 11.03. ] 


i 
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Reading): To the editor of the Nation, —Sir: In your issue of 
May 3, “The real Weakness of American Universities,” is discussed 
from the standpoint of professional emolument, without any ref- 
erence to other, and, as it seems to me, more potent causes for 
the present low standard of our higher, education. The discourag- 
ing effects in the end of a poor salary cannot be doubted. Even 
the most enthusiastic and zealous promoter of any department 
of science to feel that earnest and continued effort is rewarded 
through years by only a meagre competence sufficient to keep the 
wolf from the door. 

(Mr. Srorrow (telltale line): Hulio. Mr. Buck says you speak 
too strong. Now, listen. We will go ahead. ] 

Mr. Karon (reading): Without any possible prospect of being 
able to provide a small surplus for the contingencies of the future. 
To see the responsibilities of life @row heavier every day with no 
hope of meeting them and rising above them by patient, earnest 
labor, is surely disheartening in the extreme, and yet I apprehend 
that this is not the worst thing that can bappen to a man whose life 
is devoted to his calling as a professor. This is merely an external 
source of anxiety, which will cool the ardor and check the enthu- 
sisi. : 
| Mr. Srorrow (telltale line): Hullo! What is it? Yes. ] 

| ‘Time, 11 07. | 

| Mr. Srornow: Well, what is it? Yes, what is it? Yes. Mfr. 
Buch has taken off No. 9 receiver, and put on No. 10 receiver. | 

| Mr. Srorrow: Hullo! Hullo. Are you ready? 

| Time, 11.10. ] 

Mr. Exron: Hullo, Mr. Buck! One, two, three, four, five, six. 
seven, ecleht, nine, ten. 

f understand you have got on a different receiver. 

Do vou get that all right ? 

“The dissolution of the Reichstag, which at the opening of this 
session seemed imminent, will not take place, for Bismarck cannot 
expect by new elections to get a successor which will help him to 
carry out his policy effectually. Another cause of inactivity and 
inefliciency in university training in Amerien is connected with the 
university system itself. Healthy criticism of one another is almost 
wholly unknown among its professors as a body. It is true we 
have exceptional cases where judgment is passed upon the labors 
of a co-worker in a given field, but it is generally done in such a way 
as to provoke a quarrel in the end, and even this occurs as a rule 
only between the members of rival institutions, or between men 
Whose positions in life are considered fixed. For the young scholar 
who is looking for employment, or even after he has received an ap- 
pointment, the criticisms of the older professors in bis own institu- 
tion or in others is regarded as the effusion of a restive revolutionary 
spirit which must be squelched forthwith.” 

(iii) 
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Mr. Srorrow: Hullo, whatis it? Mr. Buck thinks that will do. ] 

(Time, 11.13.1 

(Mr. Buck says the key makes a disturbing noise. It was sug- 
gested it had better be taken out entirely, and he says he prefers to 
keep itin. Mr. Eaton has opened and closed the key once for each 
clause or phrase spoken. The tio operators change place, Mr. 
Eaton goes to listen at the receiving station and Mr. Buck takes his 
place at the transmitter.) 

[Time 11.17 1-2. | 

[| Mr. Srorrow: Hullo, hullo, hullo! Well.] 

Mr. Buck: Hullo, Mr. Eaton. Do you get that? 

Mary and the dog. 

The eat caught the rat. 

Do you get that? 

One, two, three, four, five. 

Is that loud enough? 7 

Won’t you tell Mr. Smith if you get that all right? 

Do I speak strong enough for you? } 

[ Mr. Srorrow (telltale line): Hullo, what is it? Speaking a 
little too loud, you have been. | 

Mr. Buck: I speak a little too loud,do I? 

Do you get that better? 

One, two, three, four,tive. 

[| Mr. Srorrow (telltale line) : Hullo, what is it? What is it. ] 

Mr. Buck: The dog barks. The dog barks. Do you get that? 

Mary and the lamb. 

| Mr. Storrow (telltale line): What is it? What is it? ‘Too 
loud? Now listen. | | 

Mr. Buck: One, two, three, four, five, six, seven, eight, nine, 
ten. How do you get that? 

The eat caught the rat. 

The rat was caught by the cat. 

One, two, three, four, five. 

The cat was caught by the rat. 

(This last phrase -—the repetition — was spoken into the mouth- 
piece. ) 

Mr. Buck: One, two, three, four, five. 

The cat caught the rat. 

One, two, three, four, five, six, seven, eight, nine, ten. 

Mary had a little lamb. How do you get that? 

[ Time, 11.20. | 

(Mr. Buck changes and puts on a fresh cell of the same kind of 
battery. ) 

Mr. Buck: I changed the cell. 

One, two, three, four, five. 

I changed the cell. Do you get that. 

Mary had a little lamb. 


(iv) 
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Mary and the lamb. 

The cat caught the rat. 

The dog barks. How do you get that? 

One, two, three, four, five. 

Mary had a ball. 

Mary caught the ball. 

John and James. How do you get that? 

Mr. Srorrow (telltale line): Well, what is it ?] 

[ Time, 11.22. | 

What is it? 

Yes. All right, listen. 

Mr. Buck: Are you ready? 

To the editor of the ation. 

To the editor of the Mation. 

Then what is to be done? 

To what is this due? 

The first of these types. 

[| Mr. Srorrow (telltale line): Well. 

Talking too loud. | 

Mr. Buck: The first of these types. 

[‘Time, 11.23.] 

Then what is to be done? 

To what is this due? 

| Mr. Srorrow (telltale line) : Well, what is it ?] 

Mr. Buck: “If the rules of the house were in fault, why not have 
reformed the rules of the house in a bolder and more stringent — ” 

| Mr. Srorrow (telltale line): Well ?] 

| Time, 11.25. 

Mr. Buck: “Now we wish very much that this state of things 
existed in England.” 

“We publish in another column.” 

“The actual professor is, however, a totally different person. He 
is mostly a modern American.” 

Mr. Sronrow (telltale line): Well, wait a minute. | 

[ Time, 11.26. ] | 

[Mr. Srorrow (telltale line): Hullo, hullo. Are you ready, 
are you ready, are you ready’ What is it? 

Yes. 

Yes. Are you ready?) 

Mr. Buck: All right, Mr. Eaton. 

To what is this due? 

To what is this due? 

(Time, 11.28. ] 

To what is this due? 

To what is this due? 

To what is this due? 

To what is this due? 


DOLBEAR CASE TESTS. 


To what is this due? 

To what is this due? 

Then what is to be dene ? 

Then what is to be done? 

Then what is to be done? 

Then what is to be done ? 

Then what is to be done ? 

Then what is to be done? 

The first resuit will doubtless be to discredit the present govern- 
ment. 

The tirst result will doubtless be to diseredit the present govern- 
ment. 

The first result will doubtless be to discredit the present govern- 
ment. 

Then what 1s to be done ? 

Then what is to be done? 

There is, however, another and perhaps a egraver danger which 
the government have to face. 

[ ‘Time, 11.30. ] 

[ Mr. Srorrow (telltale line): Hullo! hullo! hullo! Are you 
ready and listening? Hullo! are you ready? Say when you are 
] 


ready. | 


Time, 11.32.) 
(Speaking in the mouthpiece. ) 

Mr. Buck: Harvard University finds itself in a position of coa- 
siderable difficulty. 

Harvard University finds itself in a position of considerable difli- 
culty. 

Harvard University finds itself in a position of considerable difhi- 
culty. 

Harvard University finds itself in a position of considerable diffi- 
culty. 

Harvard University finds itself in a position of considerable difh- 
culty. 

Harvard University finds itself in a position of considerable difh- 
culty. 

Harvard University finds itself in a position of considerable difl- 
culty. 

E divided by R plus R 

Ky divided by R plus R 

[Time 11.34. ] 

The dog barks. 

The dog barks. 

The dog barks loudly. 

The dog barks loudly. 

The dog barks. 

The dog barks. 
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The doe barks. 

The dow barks. 

Bow-wow ! 

The dog varks. Do you get that? 

The dog barks. 

The dog barks. 

The dog barks. 

Stop now. 

[ Mr. Srorrow (telltale line): Hullo. Stop now, that is the 
end, that is the end. | 

‘Time, 11.36.) 

(Mr. Buck put in an ¢aduction coil, the primary helix of which is 
one fifth of an ohm resistance, the secondary of which is one hun- 
dred and fifty obms. One cell of the same battery and the /tees 
transmitter ave connected in the primary circuit. The secondary 
circuit eces to the line and includes the receiver, which 1s now a Sell 
magueo receiver of the ordinary commercial form, furnished by the 
complaimants. ) 

(Mir. Srorrow (telltale line): Hullo, hullo. What receiver 
have you got in? What receiver have you got in? 

Mr. Maynapier: It is the Bell magneto receiver of ordinary com- 
mercial form 91,258 A. | 

Mr. Buck : One, two, three, four, tive, six, seven, eight, nine, 
ten. Tullo. Do you hear that? 

Do you hear the make and break of the circuit ? 

Do you her the noise ? 

Mr. Srorrow (telltale line): Did you hear that? We want to 
know if the circuits are right? Did vou hear that opening of the 
circuit? Do you hear the noise from opening the circuit? We want 
to be sure the wires are allright. (The foregoing was merely to test 
the electrical connections.) Hullo. Now listen. Are you ready 7] 

| Time, 11.39.) 

Mr. Buck (speaking on top): The horses run. 

The horses run. 

The horses run fast. 

The horses are running. 

The horses eat and drink. How do you get that? 

The horses ran very fast. One, two, three, four, five. 

A, B, C, D. 

Six, five, three, four, two. 

Am I speaking strong enough ? 

Six, seven, four, three, nine, two, one, five, twelve, twenty-seven, 
thirty-six, forty-four, ninety-five. How do you get that? Mr. 
Eaton, won’t you tell me through the telephone whether you get that 
all right or not? 

| Mr. Storrow (te Itale line): What is it? What is it? 

No, it is not Mr. Buck. What do you want to say to him? 

(vii) | 
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Mr. Eaton says that he did get it all right. 

Now listen. | 

Mr. Buck: Twenty-seven, sixty-three, ninety-five, forty-two, one 
hundred and one. I hope you got that all distinctly also. 

| Mr. Strorrow (telltale line): Well. 

Too fast, Mr. Buck. ] 

Mr. Buck: One, two, three, four, five. 

The trustees of Williams College, Williamstown, Mass., received 
on Wednesday a bequest, I presume. 

The event of the week was the formal opening, on Thursday, of 
the great suspension bridge across the East River, uniting New 
York and Brooklyn. In Brooklyn the day was made a holiday, and 
the business in New York was partly suspended. 

(This is all on top.) 

[ Time, 11.42. ] 

| Mr. Srorrow (telltale line): Now Mr. Buck is going to speak 
something into the mouthpiece. Please listen carefully. Are you 
ready 7 | 

Mr. Buck (speaking in mouthpiece): In Brooklyn the day was 
a holiday, and business in New York was partly suspended. Both 
the cities were decorated, the former in great profusion. In New 
York the exercises began at 12.85 o’clock. A review was held in 
City Hall Park. The ceremonies were concluded with music. 

The ceremonies were concluded with music. 

The ceremonies were concluded with music. 

The ceremonies were concluded with music. 

The ceremonies were concluded with music. 

The ceremonies were concluded with music. 

Do you get that all right now, Mr. Eaton? 

| Time, 11.44. | 

(The arrangements new are: in the transmitting room one modern 
carbon microphone instrument, to be opened presently and its exact 
construction shown; battery, one Grenet cell for receiver; J?e7s 
receiver No. 2. The instruments connected in direct circuit without 
induction coil. ) 

[Mr. Srorrow (telltale line): Hullo! hullo! Are you ready 7] 

[ Time, 11.535. | 

(Mr. Haton returns to the transmitting room and Mr. Buck to the 
receiving station. ) 

Mr. Eaton: Hullo, Mr. Buck. One, two, three, four, five, six, 
seven, eight, nine, ten. 

I suppose if you had on a magneto receiver you could hear this 
all over the room, but with that one there will be more difficulty, 
but you will get it fairly well. 

3oston, Charlestown, Somerville, New York, Chicago, San Fran- 
cisco. 

[Time 11.50. | 
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Eighty-nine, seventy-four, thirty-three, seven, six, three, ten, 


one. 
Is that all right? Can you get what I say, Mr. Buck? Hullo! I 
will read to you. 

Local elections held in Virginia 

Local elections held in Virginia 

Local elections beld in Virginia 

On Thursday were not 

On Thursday were not 

On Thursday were not 

Encouraging to Mahone. 

Kneouraging to Mahone. 

Eneouraging to Mahone. 

Seven counties which had 

Seven counties which had 

Seven counties which had 

Previously given readjuster 

Previously given readjuster 

Previously given readjuster 

Majorities went Democratic. 

Majorities went Democratic. 

Majorities went Democratic. 

(Time, 11.57. ] 

(The microphone transmitter had been adjusted for talking strong 
right into it. tes receiver, No. 2, taken off, and Leis recewer, No. 
1, substituted for it. No other change. ) 

| Mr. Srorrow (telltale line): Say when you are ready. Wullo, 
are you ready? Are you ready? Say when you are ready. Well, 
What is it? Are you ready 7] 

[Time 11.59. ] 

Mr. Karon: Hullo. I will read a little more to you. 

The steamer “ Pilot” blew up near Lakeville, 

The steamer “ Pilot” blew up near Lakeville, 

The steamer * Pilot” blew up near Lakeville, 

California, on Friday, 

California, on Friday, 

California, on Friday, 

Kight were killed, 

Eight were killed, 

Kight were killed, 

Seven wounded and ten missing. 

Seven wounded and ten missing. 

Seven wounded and ten missing. 

The cause was insufficient 

The cause was insufficient 

The cause was insufficient 

Water in the boiler. 

(N. J. McDonovuGu.) 
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Water in the boiler. 

Water in the boiler. 

The Harvard College overseers 

The Harvard College overseers 

The Harvard College overseers 

On Wednesday postponed 

On Wednesday postponed 

On Wednesday postponed 

The award of degrees 

The award of degrees 

The award of degrees 

At commencement 

At commencement 

At commencement 

Including a decision 

Including a decision 

Including a decision 

Of the question of granting 

Of the question of granting 

Of the question of granting 

To the governor the degree 

To the governor the degree 

To the governor the degree 

Of LL. D. 

Of LL. D. 

Of LL. D. 

New York, May 31st. 

New York, May 31st. 

New York, May 31st. 

[Time, 12.02 1-2. ] 

May 26th, Saturday. 

May 26th, Saturday. 

May 26th, Saturday. 

A man of business should always have his eyes open. 

A man of business should always have his eyes open. 

A man of business should always have his eyes open. 

Chesterfield. 

Chesterfield. 

Chestertield. 

(Time, 12.03 1-2. | 

| Mr. Srorrow (telltale line) : Hullo, all right. ] 

Mr. Eaton: June 2d, Saturday. 

June 2d, Saturday. 

June 2d, Saturday. 

Fortitude is the child of enterprise. 

Fortitude is the child of enterprise. 

Fortitude is the child of enterprise. 
(x) 
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Wordsworth. 
Wordsworth. 
Wordsworth. 


[ Time, 12.04 1-2. ] 
Notes oF Mr. LEIGHTON, SHORT-HAND WrRiTER, IN RECEIVING 
Room. 
Present: Mr. Chauncey Smith, Mr. W. A. Copeland, Mr. Buck, 
Mr. Leighton. 


Instrument, Defendants’ Exhibit Lets Transimit/er in transmitting 
room, in direct circuit with magneto receiver No. 9 in receiving 
room. Mr. Buck listening. He hears as follows : — 

(Time, 10.503.) Now, Mr. Buck, did you get this all right? 
Halloa, Mr. Buck. (If I had a telephone, I should ask him to 
speak a little stronger, and I should hear all he said.) 

Allright. Do you understand what I say?’ (He doesn’t speak 
quite strong enough. We are not permitted to give any instruc- 
tions to the operator. ) 

1, 2, 3, 4, 9, 6, 7, 8,9, 10. (10.54.) 

(10.55.) (Little stronger. ) Halloo. did you get that? Yes, 
now I will speak a little louder. How do you vet this, Mr. Buck ? 
24— 807. Do you get that all right? (with some numbers preced- 
ing, which I should have heard if I had not been talking myself.) 
That is a little too strong, I guess. Mr. BraWaueh. (1 understood 
that word. He is reading a newspaper. He has been reading 
long passage from a newspaper, and I could hear occasionally 
word. He was talking about Bradlaugh.)  (10.59.) 

(11.021.) Halloo. Of American University — from the stand- 
point — of professional — causes for the present — education — can- 
not be. (He speaks a little too strong.) (11.044.) 

On every hand. (11.06) ) 

Magneto receiver No. 10 now connected. Lets transmitter in 
direct circurt as before. Mr. Buck hears as follows : — 

(11.093.) Halloo, Mr. Buck. 1, 2, 3, 4, 5, 6, 7, 8,9,10. Do 
you get that all right? Inefficiency — exceptional cases. (It simply 
breaks up. Speaking too strong.) (11.151.) 

Mr. Buck goes to transmitting room and talks into the Reis trans- 
mitter. Mr. Haton receiving at magneto receiver No. 10 hears as 
follows : — 

(11.17.) Halloo, Mr. Eaton: how do you get that? Do you 
get that all right? Counting. (Will you tell him that he is speak- 
ing a little too loud.) Little too loud, am I? (Too loud still.) 1, 
2, 3, 4, 5, 6, 6, 7,8, 10. How do you get that? 1, 2, 3, 4, 5— 
l, »4,5—4, 5. How do you hear that? 1, 2—1, 2, 3, 4, 5, 
6, 9, 10. Mary had a little lamb. How do you get that? 


(xi) 
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1, 2,3,4. Do you get that? Mary had a little lamb. Tow do 
you get that? 1, 2,3,4,5. (You tell him that I have the same 
trouble that he did; that he is talking while I undertake to say some- 
While I am repeating what he said he talks, and I lose it.) 


thing. 
(Repeated twice. ) 


Are you ready? To the editor of the Wafion. 
(He is talking too loud.)  (11.26.) 

(11.274.) To what is this due? | 
could not swear to it.) To what is this due? To what is this due? 
What is to be done? What it to be done? What is to be done? 
Government. What is to be done? Government has to be. (11.51.) 
(11.32.)  Invisible—Position—University—Considerable difficulty 
—Universit y—Considerable difficulty—1, 2,5,4. Wait a moment. 
(I thought he said.) (11.35) 

With Bell magneto receiver No. 91,258 A now substituted as re- 
ceiver; Jets transmitter as before. Induction coil. Mr. Eaton 


(Repeated it right over, but | 


listening, hears as follows : — 

The horses run very fast. (11.89.) How do you get that? 

a a we 

ne eH LU, D 

o, 4, 3. 

(I would have got the rest of it if I had not been talking. ) 

S 7, 4,3, 9, 2. 1, 5, 44, 95. 

Mr. Eaton, won’t you tell me, through the telephone, whether 
you get that all right or not? 

(11.41.) 65, 9d, 32, 102 (or something); 1, 

Wednesday. 

Opening on Thursday of the great New York — Brooklyn — 

(11.42!.) The business from New York was — suspended. 
(There is a word between. ) 

(12.55 ) New York. 

The ceremonies were conc!uded. 

The ceremonies were concluded. 

Do you get that all right now, Mr. Eaton? (11.45.) 

fTteis receiver No. 2. Transmitter is modern carbon microphone. 

One Grenet cell of battery 3 dérect circuit. 

Mr. Buck, receiving, hears as follows :— 

(11.53 1-2.) Uulloo, Mr. Buck. 

1, 2, 3, 4, 5, 6, 7, 8. 9, 10. 

Magneto receiver — you could hear this all over the room: but 
with that one there will be more difficulty ; but you will get it fairly 
well. | | 

Boston — Charlestown — Somerville — New York — Chicago — 
San Francisco. 

89 — 74— 33 —7T— 6 —32 — 10 — 1. 

Is that all right? 

Can you get what I say, Mr. Buck? 

(xii) 
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Halloo, I will read to you. 

Local elections held in Virginia. Local elections held in Virginia. 
Local elections held in Virginia. 

On Thursday were not —On Thursday were not — On Thursday 
were not — encouraging to Munroe. 

Seven counties — Seven counties which had — Seven counties — 
Readjuster — Previously given the readjuster — Previously given 
readjuster. | 

Majorities went Democratic — majorities went Democratic — ma- 
jorities went Democratic. (11.58.) 

Leis receiver No. 1 connected ; carbon microphone for transmitter 
as before. Mr. Buck hears as follows : — 

(11.09. ) 

Halloo — I will read a little more to you. 

The steamer “ Pilot” near Lakeville. 

The steamer “ Pilot”? blew up near Lakeville. (Repeated again. ) 

California, on Friday — California, on Friday — California, on 
Friday. 

Eight were killed — eight were killed — eight were ‘killed. 

Seven wounded, ten missing — seven wounded, ten missing — 
seven wounded, ten missing. 

The cause was iInsufhicient — the cause was insufficient — the 
cause was insufficient — water in the boiler — water in the boiler 
— water in the boiler. 

The Harvard College overseers —the Harvard College overseers 
—the Harvard College overseers, on Wednesday, postponed — on 
Wednesday, postponed — on Wednesday postponed —the report of 
degrees, at the Commencement — at the Commencement —at the 
Commencement —ineluding a decision — including a decision — 
including a decision on the question of granting — on the question of 
granting — on the question of granting — to the Governor the degree 
—to the Governor the degree — to the Governor the degree — of 
LL. D.—of LL. D.—of LL. D.—until May 3lst—until May 31st 
— until May 31. 

May 26, Saturday — May 26, Saturday — May 26, Saturday. 

A man of business should always have his eyes open. <A man of 
business should always have bis eyes open. 

(Repeated ) 

Chesterfield — Chesterfield — Chesterfield. 

Halloo — all ready. 

June 2d — June 2d. Saturday, June 2d. Saturday. 

Fortitude is the child of enterprise. (Repeated three times. ) 

Wordsworth — Wordsworth. (12.05.) 
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UNITED STATES CIRCUIT COURT, 
District oF NEw JERSEY. 
IN EQUITY 
AMERICAN BELL TELEPHONE COMPANY 
v. 
NEW JERSEY TELEPHONE COMPANY ET AL. 


EVIDENCE FOR COMPLAINANTS. 
TAKEN PURSUANT TO THE SIXTY-SEVENTH RULE OF THE SUPREME 
COURT OF THE UNITED STATES, IN EQUITY, AS AMENDED, 
BEFORE ME, 
CHARLES H. SWAN, Special Examiner. 


New York, Jan. 7, 1887. 
Present: Epwarp N. Dickerson, Esq., for Complainants ; 
G. P. Lowrrey, Esq., for Defendants. 


Herman Avucust HacGen, being duly sworn, testified in answer to 


interrogatories, as follows : — 


Direct Hxamination by Mr. DickErRson. 


Int. 1. What is your age, residence, and occupation ? 
Ans. Born 30th of May, 1817, —nearly seventy, — in Koenigs- 
berg, Germany. Present residence, Cambridge, Mass. Occupation, 


Professor of Entomology at Harvard. ° 

Int. 2. How long have you been resident at Harvard ? 

Ans. Nearly twenty years. Since October, 1867. 

Int. 3. Were you at Stettin in Germany in 1863, and did you 
there witness experiments with the Reis telephone. And if so, state 
the circumstances and what occurred at that time. 

Ans. Yes, 1 was at the meeting of the German naturalists in 
Stettin in September, 1863; and we were invited by Professor 

Gi) 


FOR COMPLAINANTS. 


EVIDENCE 


Bocttger, the inventor of gun cotton, to assist in experiments 
shown by him with the telephone of Philip Reis, who was sick end 
could not assist at the meeting. We were ushered in one corner of 
a large building, where the apparatus was put on a table,— very 
plain, very plain apparatus, consisting of a cigar box which was 
turned, and a piece of bladder upon, and connected by compara- 
tively strong wires, that is, I think about two lines thick, with an 
apparatus placed in the most remote corner of the building. This 
was a large building. Professor Boettger made a short introduc- 
tion in which he remarked that ‘af was Philip Reis’ invention, and 
was called “telephone,” —had the intention to transmit sounds 
or tunes; and that it would be valuable, for instance, and an ad- 
vantage that a prominent singer in another city could be heard 
and enjoyed by another city. 

Then Professor Boettger retired to the other room and said he 
would give us a transmitting of tune. [I was very near to the ap- 
paratus with a dozen others, or perhaps there were twenty or thirty 
11 the room, and we heard a rattling noise, but nobody of us could 
understand to be a tune. Professor Boettger appeared in our 
room — he was a very lively old man —«und was rather astonished 
when they told him it was a rattling and nobody perceived a tune ; and 
then he told us it was a very common German tune, “ Ach du lieber 
Augustin.” It isa familiar air and sung for little children; it is a 
tune hacked to pieces, and be had used that tune for that purpose, 
but nobody recognized it. 

Then Mr. Boettger retired to the other room and promised to give 
another tune, and this time we recognized it. It was not really a 
transmitting of tune. It was a» common German song, “So leben wir 


alle Tage.” It is in the same hacking fashion, thus [wz¢tness accent- 


eng), “So leben wir,” “So leben wir,” “So leben wir.” As we did 
know it we recognized it, but it was really no musie at all; and I 
should compare it the only time, and that was the second time when 
I assisted, when Professor Bell showed us his telephone. That was 
in the Boston Academy and was entirely a failure, as Mr. Storrow 
told me, because it was somebody had disarranged the wires, and 
then it was the same noise [ recognized that I had heard so many 
years ago, — which was a rattling noise, the same failure as the Bell 
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telephone. “That was ten years ago, when I assisted at the Bell fail- 
ure, and the explanation of the cause of it Mr. Storrow gave me 
when he called on me a few days ago. And when I told him that, 
he remembered that Mr. Bell had himself told him it was because 
somebody had disarranged the wires. 

Int. 4. When was the occasion that the Bell failure occurred 
that you compare tothe Reis failure? 

Ans. The first year when he showed it in Boston. That was at 
Dr. Williams’; and then a few weeks later at the Academy when the 
failure occurred. 

/nt. 5. Had you heard the Bell telephone talk at that time? 

Ans. Yes. Then it was, I remember, that I told directly Mr. 
3ell that I had assisted when I was the first time at Reis’; and that 
it was entirely different — that I told him — from the Bell’s, because 
in Bell’s that was speaking, and that was never intended in Reis’. 

[| Counsel for the defendants objects to so much of the answer of the 
witness as begins with the words “ because in Bell's that was speaking, 
and that was never intended in Reis,” being not responsive to the 
question, and not competent even if it were responsive | 

| The witness continuing: | What I state here as bearing on my 
presence on Sept. 19, 1865, is what then was stated in newspapers ; 


and what has been in later years done I have not seen. If some- 


thing else has been printed, that I could not know; but as I was 


present with these things, saw them, I believe I would have known 
it; and that I never heard that it was intended to speak, but only 
intended to transmit tunes. That it was what Professor Boettger 
told us, and it was in all newspapers at the time, which I possessed, 
but I am sorry, I think I have thrown away before I left home; was 
never spoken of that it should be spoken. If that is later done, 
that I cannot say ; but I state only what I know. 

Int. 6. Have you with you a German journal giving an account 
of the meeting at which you were present ? 

Ans. Yes, sir [witness produces book), this isa special report of 
the meeting of the German naturalists in Stettin in 1863, printed in 
1864. There is on p. 149 a statement that on Saturday, Sept. 
19, Professor Boettger in the room of the chemical section showed 
experiments, a telephone constructed by Professer Philip Reis. 
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That is all. And the same is repeated in the daily report, p. 18, 
of the same book. I remember that very full reports were given 
in one, at least, and perhaps in two daily papers in Stettin. 
I have them not now, and could not tell anything more, than 
what I have told. . 

Int. 7. Did you at that time, or at any time before you left Ger- 
many, hear anybody say that that Reis telephone was a speaking 
telephone ? 

Ans. No. 

| Counsel for defendants objects to the question and answer as calling 
for negative and incompetent testimony. | 

Int. 8. What was your professional occupation at that time? 

Ans. Iwas physician, and besides, naturalist in my free time. 

Int. 9. And as naturalist you attended that meeting ? 

Ans. Yes, sir. 

Int. 10. Will you state how the information which you are now 
giving us came to be communicated to Mr. Lyon of Washington and 
why? 

Ans. I was in Washington about three weeks ago, when I was 
looking for copies of patents to Chichester Bell to send to my nephew 
in Germany, and there accidentally met Mr. Lyon, who was a friend 
of a friend of mine, in Washington, and talked about the telephone, 
when I informed him of the matters to which I have testified here. 

Int. 11. Then afterwards when you returned to Cambridge, who 

‘ame to see you about it? 

Ans. Mr. Lyon telegraphed to know whetherI would be at home ; 
and later wrote me a letter that he could not come, and that Mr. 
Storrow would see me; Mr. Storrow cameand saw me in the Museum. 

Int. 12. On the two occasions at Williams’ and at the Boston 
Academy of Sciences when you saw the Bell telephone, about ten 
years ago, at which of them was the exhibition a failure, and at 
which did the telephone talk ? 

Ans. At Williams’ it was a success and the telephone talked ; 
and at the Academy it was a failure. 

(iv) 
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Cross Hxamination by Mr. Lowrey. 

Cross-Int. 138. Did Professor Bell say on the occasion when his 
telephone failed to transmit, that it was because of any difficulty in 
the wires? 

Ans. He did not say anything that evening; it was after ten 
o'clock and we were tired out. 

Cross- Int. 14. How long had you been engaged before ten o’clock 
trying to hear something by Professor Bell’s telephone at that time ? 

Ans. Not at all. 

Cross- Int. 15. The experiment was therefore made at ten o’clock, 
and not succeeding, there was no renewal of it? 

Ans. No. 

Cross- Int. 16. What did Professor Bell, or any one, try to trans- 
mit by his telephone that evening, if you know? 

Ans. Ido not know. 

Cross-Int. 17. You did not hear ? 

Ans. No. 

Cross-Int. 18. The noise which you heard was at the receiver? 


Ans. Yes. 


Cross- fit. 19. Do you know whether what is called in this coun- 


try the receiver, that is, the part at- which you listen, is also called 
the receiver in Germany; or do they call the part to which you 
speak, the receiver, in Germany ? 

Ans. I cannot tell. 

Cross-Int. 20. Will you describe more fully the kind of noise 
which you heard at the Bell receiver; give it a name. 

Ans. A rattling noise. 

Cross-Int. 21. What was the character of the noise which you 
heard at the Reis receiver? 

Ans. Also a rattling noise. 

Cross-Int. 22. As nearly, as you can remember, were these 
noises about identical in character ? 

Ans. Similar. That is the only reason I spoke about the thing. 
It was so similar that I remember remarking to one sitting by me, 
“That is the same that I heard by Reis.” That is all. 

(Vv) 
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Oross-Int. 23. On the occasion of the Reis experiment, how were 
the wires conveyed from the room where the transmitter was placed 
to the room where the receiver was placed ? 

Ans. Along the corridors and through the open doors in a very 
primitive manner. 

Cross-Int. 24. Were the wires in the case of the Bell experiment 
conducted in the same manner? 

Ans. Yes. If you know the Academy, there is a front room that 
is connected with the large rooms behind that do not belong to the 
Academy. Permission had been given to Mr. Bellto put his appa- 
ratus in it, and it was through the doors, and only for that evening. 

Cross-Int. 25. When did you first see Mr. Storrow on this 
subject ? 

Ans. After I came from Washington; within a few days past. 

Oross- Int. 26. When you first saw him did you tell him of the 
failure you had witnessed in the Beil transmission ? 

Ans. Yes, sir, to compare the reason of the noise. 

Cross-Int. 27. And did he then tell you, or at some later time, 
that that failure was attributed to some trouble with the wires ? 

Ans. Yes, sir; at that time he told me that somebody had dis- 
arranged the wires. 

Cress-Int. 28. Did he at that time say that he was present and 
personally knew of the disarrangement of the wires? 

Ans. No. 

Cross-Int. 29. Did he tell you how he came to be informed that 
the wires were disarranged ? 

Ans. He said Mr. Bell told him. 

Cress-/nt. 30. Did he tell you when Mr. Bell had told him? 

Ans. No. 

Cross-Int. 31. Did Professor Boettger express astonishment, in 
words, when he returned and found that you did not recognize the 
tune? 

Ans. Yes, sir. 

Oross-Int. 32. Did he say that he had had any previous experi- 
menting with this telephone in which tunes had been transmitted 
and recognized ? 


Ans. Certainly. 
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Cross-fnt. 33. What did he state on that subject ? 

Ans. Twenty-three years after, what shall I say of my impres- 
sion? I can only say of impression, at first, of course; he said he 
had brought it over because Reis could not; and that he had heard 
tunes transmitted, but I could not tell you what more. 

Oross-Int. 34. You mentioned something about Philip Reis 
being ill and not being present on that occasion ; state what was said 
in respect to his illness by Boettger. 

Ans. DBoettger stated only that he was ill and could not come. 

Cross-Int. 35. You mentioned that the apparatus consisted of a 
cigar box, and you mentioned a bladder in connection with it. How 
was the bladder connected ? 

Ans. It was laid in a circular hole. 

Cross-Int. 56. What part of the instrument containing the blad- 
der and the circular hole did you apply to the ear to listen? 

| Counsel for plaintiff objects that the witness has made no such 
statement. | 

Ans. I was near the apparatus, and we were only standing round 
the instrument. [ /ndicating about tivo feet. | 

Cross-Int. 37. Are you sure, -Professor Hagen, that you are not 
confounding the instrument which was used for sending with the 
receiver ? 

Ans. Quite sure. 

Cross-Lnt. 88. Did you see the instrument which was employed 
at the transmitting end? 

Ans. Yes, sir; I went to that room. 

Cross- Int. 39. Will you describe that instrument ? 

Ans. I will tell you, that is a queer thing after so many years. 
It was, as | remember, a similar cigar box; and there was probably 
an armature with a horseshoe magnet, and perhaps a few battery 
cells; more I could not tell. It was even as simple and cheaply 
constructed as the other. 

Oross- (nt. 40. You think you saw in the transmitting instrument 
a magnet, — a horseshoe magnet ? 

Ans. I think so, but I would not say; it is after so many years. 

C'ross-Int. 41. What kind of an apparatus was the Bell apparatus 
which failed ? | 
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Ans. His first apparatus a box that I have seen in Washington. 


More I could not tell you. 
Oross-Int. 42. Do you understand the difference between Mr. 
Bell’s magneto telephone and what is called the variable-resistance 


telephone ? 

Ans. No. 

Cross-Jnt. 438. Do you understand whether the instrument in use 
was the instrument subsequently used at the Centennial, or any other 
public exhibition ? 

Ans. I could not answer that question. I know nothing more 
than that it was his first telephone. 

Cross- Int. 44. How long did the exhibition, or experiment, last 
under the auspices of Professor boettger ? 

Ans. You may say, after all, not an hour. 

Cross-Int. 45. And there were about forty persons present to 
listen ? | 

Ans. Yes. That was, they came in and went out. I will say 
between thirty or forty who witnessed it. Certainly not more. 

Cross- Int. 46. Did you remain during the whole time? 

Ans. Yes, sir; because I was very curious, and had never heard 
before anything like it. 

Cross-{nt. 47. Do youmean you had never heard anything before 
about the Reis telephone 

Ans. No; personally not. 

Oross-Int. 48. Did Professor Boettger say anything about 
whether the instrument would, or would not, transmit articulate 
speech ? 

Ans. He said nothing. 

Cross-Int. 49. What he said was, as I understand you, that it 
was an instrument to transmit sounds or tunes? 

Ans. Yes, sir. 

Crvas-Int. 50. Can you remember the German term —I do not 
ask you now what would be your present translation — in which he 
said what would be transmitted ? 

Ans. “ Melodie.” 

Oross-Int. 51. And when he said sounds, what was the term he 
made use of? 
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Ans. “Tone.” 
Cross-Int. 52. Tunes would be the equivalent of “melodie ” more 


99 


than of “ tone, would it not ? 

Ans. Entirely. 

Cross-Int. 53. Sound for “ Tone,” and tune for “ Melodie”? 

Ans. Yes, sir. 

Oross-JIni. 54. He made use of both those terms, as you 
remember ? 

Ans. Yes, sir. Of “Melodie” I am very sure; of the other 
also, but I would not state that on my oath. 

Oross-Int. 55. You have intimated that Professor Boettger 
selected the tune to be transmitted because of some peculiarity in it 
which you call “hacking” ? I understand you to mean a peculiar 
accentuation. Did he tell you he had selected it for that reason ? 

Ans. Yes, sir. | : 

Oross- Int. 56. As nearly as possible, recall his words, and state 
them, when he told you he had selected the tune for any particular 
reason. 

Ans. I cannot do it. That would be my own, if referred to. 

Oross-Int 57. Are you quite sure then, Professor, that he told 
you that, or did you not infer that from your own knowledge and 
information ? 

Ans. No; he told it. 

Cross-Int. 58. You say you told Professor Bell that you had 
witnessed a similar failure with the Reis instrument ? 

Ans. No; I did not say that. I only said that I assisted at the 
Reis; and that it was very different from his, because it did not 
speak. ' 

Oross-Int. 59. On which occasion did you tell him this ? 

Ans. It was the first time I saw him, at Dr. Williams’, when he 
showed us the first time he experimented at the Thursday Club; 
that was the first time, when he succeeded. Dr. Williams is a pro- 
fessor of Harvard. 
Direct Examination by Mr. Dickerson. 

Int. 60. You spoke of Dolbear just now. When did you have any 
communication from Professor Dolbear on the subject, and what 


did you tell the person who came to see you? 
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FOR 


| Counsel for defendants objects : First, that the testimony 20W 
called for is not responsive to anything brought out in the cross exam- 
ination under questions of the counsel; and Second, that conversations, 
admissions and communications of any sort between Professor Dol- 
bear, or any representative of his, cannot be binding upon the defend- 
ants, and are therefore tncompetent, crrelevant and immaterial. | 

Ans. I never had any communication with Dolbear. Of course, 
he is a member of the Academy, as Iam, and so I have seen him 
there. Probably he knows me, as I am well known there; but I 
have never had any communication with him. 

I think it may be seven years, I cannot say, when a lawyer, whom 
I do not know, called upon me. I suppose it may be Mr. Stetson, 
but that is only asuggestion, came to see me and asked me about the 
things. I showed him the official report, and told him I had been 
present at the Reis exhibition, and that it did not speak, and was 
not intended to speak; and that is all. Then he left me, and I 
think three or four years later he came again. I did not recognize 
him at this time. When he first came I had never seen Dolbear. 
Then he asked’ me again, and I told him again what I knew, and 
gave him an introduction and perhaps the names only of the persons 
in Frankfort and Stettin where he could get perhaps the daily 
papers, and files, and see the description, because I said I could not 
tell him more, and he was satisfied. Two of the names I gave him 
were Lucas von Haydn, and my friend, Dr. Dohrn, in Stettin. If 
he would apply there perhaps they would be able to find out for 
him the daily papers. I never saw him more, — cannot tell you who 
he is. It was a small man with pale blond hair — young man. He 
was both times in the Museum; and the second time he had to re- 
member me again, because I had entirely lost that he had been there 
before. Professor Dolbear I have sometimes seen in the Academy ; 
do not remember his looks; I would not recognize him at all; cer- 
tainly never spoke a word with him; he resides near Cambridge. 

Int. 61. I now show you a diagram contained in Reis’ 
letter to Ladd on the 7th of August, 1885, at p. 44, of a pamphlet 
in this case, entitled “ Reis and Bourseul Publications,” and ask you 
whether that diagram refreshes your memory as to what you saw 


at Stettin in 1863 ? 
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Ans. This certainly [¢ndicating the receiver], because I know it 
was what we called a knitting pin put through a coil of wire. That 
I saw. The other one [ndrcating the transmitter] is more elabo- 


rate than I had in my idea. I could not tell you anything more. 


Int. 62. The knitting needle receiver, then, is what you intended 
to describe when you used the word “armature ” and“ horseshoe mag- 
net,” is it ? 

Ans. This I can identify. I had an idea a magnet was in the 
other [ pointing to the transmitter |, but that I do not know. 


Cross Examination by Mr. Lowrey. 

Cross-Int. 63. You have said that the apparatus which you have 
heard when at the Boston Academy was Mr. Bell’s first apparatus. 
Do you mean to adhere to it that it was his first apparatus, or are 
you acquainted with the order and series of his different apparatus ? 

Ans. I have seen a number of them, but it was only that I was 
told that it was the first apparatus. I could not identify it. I have 
seen Mr. Bell’s experiments very often, shown me by Mr. Bell. 

Dr. HERMAN AUGUST HAGEN, 
Professor of Harvard University, Cambridge, Mass. 


JAN. 8, 1887. 
(xi) 
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Supreme Court of {he Whited States. 


OCTOBER TERM, 1886. 


No. 668. 


THE AMERICAN BELL TELEPHONE CO. ET AL. 


APPELLANTS, 


wv 


THE MOLECULAR TELEPHONE CO. ET AL. 


CROSS APPEAL IN CASE No. 667 FROM THE CIRCUIT COURT OF THE 
UNITED STATES FOR THE SQUTHERN DISTRICT OF NEW YORK. 


BRIEF FOR AMERICAN BELL TELEPHONE CO. ET AL. 


APPELLANTS. 


Supreme Court of the WUniten States. 


OCTOBER THERM, 1886. 


THE TELEPHONE APPEALS. 
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No. G68. 
ie THE AMERICAN BELL TELEPHONE COMPANY ET AL., 
APPELLANTS, 
v. 
THE MOLECULAR TELEPHONE COMPANY ET AL 


CROSS-APPEAL IN CASE NO. 667 FROM THE CIRCUIT COURT OF THE 
UNITED STATES FOR THE SOUTHERN DISTRICT OF NEW YORK. 


BRIEF FOR THE AMERICAN BELL TELEPHONE COMPANY ET AL, 
APPELLANTS. 


This is a cross-appeal in the same case as No. 667. 

In this case the court below decided that claim 5 of Mr. Bell’s 
second patent No. 186,787, of January 30, 1877, 1s bad. The whole 
patent is for improvements in the structure of the speaking tele- 
phone of his first patent. The claim is: 


‘¢The formation in an electric telephone, such as is herein shown and 
described, of a magnet with a coil upon the end or ends of the magnet nearest 
to the plate.”’ 


This claim had been discussed in the evidence in the Dowd suit, 
and had been sustained sud sz/entio, in all the cases. The discussion 
under the first patent had been laborious and protracted and nothing 
was said about this claim. Judge Wallace got the notion that it 
was a claim as for a new kind of magnet, in which case it would 
clearly be bad, because the magnet had long been known. Such a 
magnet formed a part of the Hughes printing telegraph deseribed by 
Schellen, whose book was in evidence in the Dowd and all the subse- 
quentcases. Judge Wallace, stating that the claim had not been 

argued, fell into an oversight and error about its purport, and held 
that the Hughes magnet was a clear anticipation. This decision was 


in June, 1885, and is here appealed from. 
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Subsequently, in December, 1885, on the hearing of the Overland 
case, itwas pointed out to Judge Wallace that the claim was not for the 
magnet per se but for an improved form of telephone made by tak- 
ing out the magnet shown in Bell’s first patent, and putting in this 
one under circumstances which showed a good deal of boldness an. 
originality. Ee at once perceived the misconception he had fallen 
into and sustained the claim as appears from his decree. (Overland, 
vi, 4178.) 

The following is substantially the brief then presented to him : 

Hughes, many years ago, inventeda very ingenious printing tele- 


oraph. The plan was to have synchronously working clockwork 


oS 
? 


at each end. When the key corresponding to a particular letter was 
pressed at the sending end, and the circuit closed, the current was 
ised either to start or stop the clockwork, and, consequently, the let- 
ter which was at the proper place in the moving machine just at that 
Instant was caused to operate and make a mark. The whole work at 
the receiving station was done by clockwork, driven by a weight, 
and the function of the electrical current was merely to pull a trig- 
ever, and start or stop that clockwork at the proper time. ‘This is 
the apparatus which is described and shown in the Schellen book. 


In it Hughes employed the following device : 


Fic. 375. Fic. 374 


The horseshoe steel permanent magnet N S$ has mounted on each 
of its poles, N and S, a soft iron core, with a coil round it. The 


soft iron cores are not naturally magnetized, that is, they #re neu- 
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THE HUGHES MAGNET. 3 


tral; but by being placed in metallic contact with the poles of the 
permanent steel magnet which is permanently magnetized, these soft 
iron cores become for the time being magnetic by induction; and it 
a plece of soft-iron, that is to. say, an armature n, be placed in con- 
tact with the two upper ends of the cores of the coils E E, it will be 
held there by them by that magnetism. The soft iron armature x 
was laid by Ilughes on top of the cores EK. EK, with a retractile strain- 
ing spring, shown as F and 7 in the drawing, tending to lift it away ; 
but the strength of the spring was so graduated, by means of an 
adjusting screw, that it would not quite overcome the strength of the 
magnet. The armature was thus held, though with a nearly counter- 
balanced force, in contact with the poles of the two cores. 

It is a fuct in science that when, with such a contrivance, a current 
of electricity is passed through the coils which surround . these two 
cores, it will, if it goes in one direction, increase the magnetism of 
the cores, making what is called the north pole more strongly north, 
and the south pole more strongly south. If, on the other hand, the 
current be passed in the reverse direction, it fends to make the north 
pole become south, and the south pole become north. Or, in other 
words, the magnetism which this latter current is disposed to make 
is opposed to that already existing in the magnet, and fends to neu- 
tralize it. If the current, therefore, which is to be used in this ap- 
paratus be sent always in what we may call the “ reverse” direction, 
it will, each time it passes, diminish the normal magnetism of these 
cores, and consequently their power to hold the armature against the 
stress of the retractile spring. 

Hughes employed a current which he always sent in the direction 
opposed to the permanent magnetism of this receiving magnet, and 


the forces and strains were so proportioned that when that demag- 


_netizing current passed it weakened the magnetic force of the cores 


just so much that it was no longer able to overcome the retractile 
force of the spring, and the spring got the upper hand and pulled 
the armature away from the cores. That motion, through a system 
of leverages H, pulled a trigger and started or stopped some clock- 
work, a part of which is shown in the wheel at the middle of the cut. 
That was its whole operation. 
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motion was not only given to it by, but was solely controlled by, the 
spring and clockwork: the pull of the magnet and the variation in 
the currents did not in any way control the character of the move- 
ment. 

The magnetic contrivance used by Hughes was, for reasons pres- 
ently to be explained, very weak, and although he could thus 
enfeeble it enough to release the armature, he could not give it any 
streneth which would pull the armature back; it must be brought 
back again in order that it might be ready to be released the next 


—— 


time, and in his machine it was brought back by clockwork. The 
operation of the magnetic contrivance at the receiving end of 
Hughes’s printing telegraph was, that the demagnetizing current 
weakened the magnet enough to release the trigger, but no power 
existed by which either the magnet or the electricity could move the 
armature back again. 

The absolute strength of the pull which can be exerted by a mag- 
net when a current of electricity of a given strength is sent through 
the coils under circumstances which permit it to have its maximum 
effect, depends very much upon the size of the magnet; and, within 
practical limits, the larger the magnet the greater the weight which, 
when fully magnetized by a current, it can sustain ; or in other words, 
the greater the force it can exert to pull an armature exposed to its 
influence. 

The Hughes magnet, therefore, was, and this was a well-known 
fact about it, extremely weak in this respect; as a permanent mag- 
net it would hold a certain amount, but a current sent around it in 
the strengthening direction would increase its magnetism very little, 
and therefore it could not be employed to move a soft iron armature 
by attracting it with any considerable effect. Ilughes did not at- 
tempt to use it for that purpose, and for these reasons the magnet, 
although useful for the particular purpose for which he employed it, 
never went into practical use in telegraphs. It was a magnet cer- 
tainly known In the arts from Hughes’s use of it, and was used in his 
machine; but it was a magnet which had been found disadvanta- 
gveous for practical use In any cases where it was necessary to move 
an armature by variations of magnetic force. 


The instrument fig. 7 of Mr. Bell's first patent transmitted speech ; 
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NATURE OF THE IMPROVEMENT BELL HERE PATENTED. o 


but its results were feeble, and he desired to increase them. Its re- 


sults were due to motions which it imparted to a soft iron armature 
by alternately drawing it by means of increased magnetism and then 
letting it move back again, but always under control of the magnetic 
pull, 

An ordinary workman, for the purpose of getting more powerful 
results, might have replaced the magnet of fig. 7 by a more “ pow- 
erful ” magnet, and one of Mr. Bell’s letters of 1875 shows that he 
was working in that direction. But in 1876 he found that he could 
get the most -powerful effects by employing a magnet which was 
smaller than any hitherto known, and of a type which was known 
to be the weakest for the purpose of pulling an armature by 
means of an electric current. We can now see reasons for this. 
But that a magnet, which, when combined with an armature in any 
known form of instrument, pulled it so feebly as to be generally 
discarded in practice, would, when combined with a diaphragm of 
the new speaking telephone, give much more powerful effects than 
any other, was a discovery which required invention and experiment. 

Indeed the whole operation of the telephone receiver depends upon 
the fact that the magnet alvays pulls the armature, and positively 
controls its motion by pulling it with a strength exactly proportional 
to the electrical undulation operating at that instrument. Mr. Bell, 
therefore, in his combination produced a new result by using the 
magnet in a different way, and employing a different property of it ; 
though of course some of its properties are employed wherever this 
magnet is employed. 

The Hughes magnet and its operation are explained by Mr. d’Infré- 
ville, Dowd, i, 592-8. 

It does not appear whether Mr. Bell knew of the Hughes magnet 


No expert has controverted his statement. 


or not; but as it was well known in the art, we may assume that he 
did know of the Hughes machine and the use that was there made 
of it. 

What Mr. Bell did was to take his instrument, fig. 7, and alter 
the shape of the magnet. When, by altering any part of that instru- 
ment, he very notably improved the result, he made an invention. 
What he made was a new and improved telephone. That it was an 
improvement is shown by the fact that this alteration in the magnet 
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has been used in substantially every telephone ever made since, while 
this peculiar form of magnet is no more used in telegraph or other 
apparatus than it was before. 

His invention may be stated in another way, though it seems to 
us not so correct a way, by saying that he made a combination which 
did not exist before; to wit, a peculiar magnet, with a diaphragm 
armature ; and by means of that combination got results different in 
kind from anything that had ever been got out of a combination in 
which that magnet had ever been employed, — it had only been 
employed in printing instruneents, — and better and more powerful 
than had ever been got out of any combination in which that dia- 
phragm had been employed with any other magnet. What he had 
then made, therefore, was a practical and important improvement in 
speaking telephones, which could be stated either by saying that he 
had made an tmproved telephone, or that he had made a new combi- 
nation of parts, which, taken together, formed an vmproved telephone. 

Speaking of this simply as a combination, it would not be proper 
to say that his improved apparatus consisted of a combination of this 
peculiar magnet and a diaphragm, because such a combination is not 
operative. It consisted of a combination of this peculiar magnet 
and a diaphragm, and a framework to hold the two in proper rela- 
tive positions, with an opening or air space of some kind, in front of 
the diaphragm-armature for the sound waves to pass in and out. In 
other words, if you are to state the combination, you must state it 
as a combination of that peculiar magnet, with all the elements, 
except the old magnet, which previously existed in speaking tele- 
phones ; so that to state, even in the form of a combination, just what 
it was that he produced or accomplished, one can hardly do better 
than to say that he took out of the existing telephone the magnet 
which he found there, and put in place of it a different magnet which 


gave better results. Or, to state it more precisely, what he did 


(besides permanently magnetizing the magnet) was to wind his coil 


over one end of the leg of the magnet only, instead of winding it 
over the whole of the leg of the magnet. This was the way in which 


Mr. Bell expressed it in the body of his specification : 
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CLAIM 5 OF PATENT 186,787 IS GOOD. 7 


“ T have also found that the electrical undulations produced upon the main 
line by the vibrations of the plate a are intensified by placing the coil g at the 
end of the bar f nearest the plate a, not extending it beyond the middle or 


thereabout.’’ 


He had made the invention, and the only question now is as to the 
correctness of his claim. If the claim be a claim for the Hughes 
magnet as a new article, it certainly is bad. If it bea claim for that 
improvement in telephones which consists in winding the coil on the 
end of the magnet of the speaking telephone, and thereby getting 
better results, or, to state it differently, that improvement in speak- 
ing telephones which consists in combining with all the other parts 
necessary for the operation of the telephone a magnet with the coil 
wound on one end of the leg, instead of a coil wound round the 
whole of the leg, or, to state it still otherwise, that improvement in 
speaking telephones which consists in replacing one element by a 
better one, then it is a good claim. Now which is it ?: 

The first rule is, that the claim Is, if possible, to be construed to 
be coextensive with the invention. Mr. Bell’s statement of inven- 
tion in the body of his specification is not that he has made a new 
magnet, but that he has found that the electrical undulations pro- 
duced in the speaking telephone by talking to it are intensified when 
the coil is wound on one end of the magnet; and that is true, and 
no man knew it before he did it. The claim is to be construed for 
that improvement in telephones, or that combination of this magnet 
with the other parts of the telephone, unless the language of the 
claim is such that it is impossible so to construe it. Two authori- 
ties which bear upon this question are of peculiar importance here. 

Forbush v. Cook, 2 Fish. 668, Curtis, J. The claim was for a 
combination of certain parts used in the pattern mechanism of looms 
for weaving fancy fabrics. The objection made was that the ele- 
ments specified in the claim, which in form was a combination claim, 
did not constitnte an operative mechanism, but required in addition 
other parts not enumerated in the claim, in order to work. Judge 
Curtis found as a matter of fact that the other parts which were re- 
quired to make the combination operative were parts which existed 
in previous looms, and that the invention consisted in putting into the 
loom the particular elements specified in place of, or in addition to, 
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other elements which previously existed there. He said that it was 
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not necessary to enumerate in the claim all the parts which were 
necessary to the operation, but only the particular parts which had 


not before been used in looms; because, when the patent was for an 
improvement in looms, the law read into the claim all those parts pre- 
viously used in looms which were necessary to give effect to the new 
elements. His language was: | 

‘¢ Nor is it requisite to include in the claim for a combination, as elements 
thereof, all parts of the machine which are necessary to its action, save as 
they may be understood as entering into the mode of combining and arranging 
the elements of the combination. If inclined wires are necessary to the 
action of the combination specified, so are many other parts of the machine, 


and all parts necessary to the action and combination specified might be said 
to enter into the mode of combining and arranging the elements of the com- 
bination, and need not be, and ought not to be, included in the combination 
claim.’’ 

Johnson v. Loot, 2 Clifford, 108 ; appendix, 637. Johnson, the pat- 
entee, claimed to have invented a sewing-machine feed which was in- 
fringed by the well-known Wilson feed. The question was as to when 
he made the invention specified by the claim relied on, and that 
called for a construction of the claim. The facts were, that sewing 
machines were known before he began; and that the claim was in 
terms for “feeding the material to be sewn by means of a vibrating 
piercing instrument . . . substantially as herein described.” It 
appeared that he had constructed a combination of: parts in which 
a vibrating piercing instrument fed along a piece of cloth; but that 
at the time at which he must prove his invention in order to prevail 
over Wilson, he had not been able to make a sewing machine with 
such a feed motion in it which would so effectually codperate with ! 
all the other parts in sewing cloth, that the machine as a whole 


would practically both feed and sew. 

Upon this the Court held that the claim, and therefore the inven- 
tion, included not only the vibrating piercing instrument, but 
placing it in the machine. The plaintiff argued “that the feeding 
instrument was distinct from the devices holding the cloth or mate- 
rial to be sewed”; but the Court instructed the jury that 


‘‘there was included in the claim not only the vibrating piercing instrument, 
substantially as described, but also all the other parts which necessarily act in 
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CONSTRUCTION OF CLAIM 5 OF PATENT 186,787. 9 


connection therewith to feed the material to be sewed in the sewing machine, 
so far as any function they performed modified the action of the feeding 
instrument.”’ 

Again, p. 640: “The claim must be limited to the means of feed- 
ing the material to be sewed in a sewing machine.” 

The substance of these decisions is, that when the invention to be 
described and claimed consists in introducing new parts into a 
preéxisting organized machine, the claim ts to be read as if all the 
remaining parts of the old machine (or their equivalents), which 
codperate with the new parts, were enumerated in it; and then the 
cluim is to be constructed either as a claim for an improved machine 
or a claim for a combination in which all the old parts that codperate 


with the new-named part form elements of the combination. 


That the Bell patent in question is to be so construed is not even 
left to inference. The patent shows in the drawing and description 
a complete speaking telephone. ‘The patentee then says that “the 
electrical undulations produced upon the line by the vibration of the 
plate A are intensified by placing the coil g at the end of the bar F.” 
Explicitly, he refers to described parts, and he states that the ad- 
vantage consists in enhancing the effect of an operation, — the pro- 


which cannot be produced with- 


duction of electrical undulations, 
out the codperation of the magnet, coil, vibratory diaphragm and 
the supporting parts. 

The language of the claim is as follows : 

“5. The formation in an electric telephone, such as herein shown and 
described, of a magnet with the coil upon the end or ends of the magnet nearest 


to the plate.’’ 


If he had invented a new magnet, and that were the invention he 
wished to claim, he might have used the language “ the formation of 
a magnet with the coil at one end”: but that was neither his inven- 
tion nor his claim. His claim is for making that kind of a magnet 
in an electric speaking telephone such as he has described, and then 
he further enumerates the p/afe as one of the elements specified in 
his claim. The invention claimed was not made until the specified 
magnet was so combined with other parts as to make a speaking 


telephone. That claim would not be infringed by the use of a mag- 
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net with a coil on one end ina Hughes printing telegraph; the ex- 


press language of the claim would exclude that. Ltch v. Close, 


8 Blatch. 43. It would, therefore, not be anticipated by such an 
apparatus. 

We submit, therefore that claim 5 of patent 186,787 is to be 
construed as a claim for an cmprovement tr speaking telephones, or 
for a combination, because: 

First. If so construed it ean be sustained; whereas, if construed 
merely as fora new magnet, it cannot be sustained. That magnet 
was perfectly well known. 

Second. The patent is stated in the opening paragraph to be for 
an amprovement in electric telephony. 

Third. The description in the body of the specification accords 
with this. 

Fourth. Any different construction would require the Court to 
strike out from the claim the words “in a speaking telephone ” and 
the words “ nearest the plate.” 

Fifth. Because, by the established rules of law, a claim which 
states that the invention is for an improvement in a particular class 
of machines, or even a claim in a patent which purports to be for an 
improvement in an existing class of machines, is to be read as if the 
other parts, which in that machine cooperate with the elements. 
more particularly named, are enumerated as a part of the com- 
bination ; though here the express language of the claim does not 
leave this even to legal inference. 

i. N. DICKERSON, 
J. J. SLORROW, 


For Complainants. 
JANUARY 18, 1587. 
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BRIEF FOR APPELLEE. 


This appeal relates to the 5th claim of the second 
patent or No, 186,787, of January 30th, 1877. 

The Court below held the claim bad because antici- 
pated by the Schellen magnet. 

Appellants here claim that though the magnet was 
old its use in a telephone was new and patentable. That 
adopting this magnet for a telephone was putting an 
old device to such a new use as to make it patentable. 

We submit otherwise. 

The argument of appellant would apply equally to 
the use of any magnet in a receiver quite as much to 
one with a long as to one with a short coil. 


9 
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The quite long examination of Mr. d’Infreville, Dowd 
1, 592-8, is not to the point in question. 

It was quite unnecessary to prove that the Hughes 
printing telegraph and the telephone are different in- 
struments, and that the results accomplished by the 
magnet differ in the two instruments. 

The object of the magnet is, however, the same in 
each instrument. That pnrpose is speed, sensitiveness. 

In the Hughes device the quality desired in the mag- 


net is speed. 
Mr. G. S. Renwick, Dowd, p. 250, says : If there be 
any advantage by reason of the greater quickness of ac- 


tion or greater strength of such a magnet as compared 
with a permanent magnet, * * such advantage 
is gained equally by the use of the said compound 
magnet in the Hughes telegraph and in the Bell tele- 
phone.” 

Mr. Frank L. Pope, Dowd 338, being asked as to the 
operation of the short coil magnet in the two devices 
says: ‘As far as the magnet is concerned, the opera- 
tion is the same, it being the object in both cases to get 
the quickest possible action on the armature.” 

In the Hughes printing telegraph, of which the mag- 
net described by Schellen forms a part, a variation of 
the hundredth part of a second in the time of move- 
ment of the armature would cause a wrong letter to be 
printed. The armature in the Schellen magnet is drawn 
away trom the magnet by a spring, whenever the nor- 
mal magnetism is reduced by the passage through the 
coils of a current tending to produce contrary polarity 
in the magnet, and having been thus separated from 
the magnet is replaced upon its poles by the mechanical 
action of the machinery which has been previously set 
in action by its release. In Mr. Bell’s patent the 
movements of the plate or armature both from and to 
the magnet are produced by the action of the latter 
when it is used as a receiving instrument.” 


3) 


It thus appears that the feature desired in the Schellen 
magnet was speed, although the effect or result attained 
in the Hughes telegraph was the setting im motion and 
the stopping of a mechanical device. Now, when we 
turn to complainant’s expert, Mr. d’Infreville Dowd 
Record, volume 1, page 592, Int. 94, he is asked, ‘‘ Does 
the apparatus, Fig. 7, require for its armatures speed 
‘rather than force, or force rather than speed, as com- 
pared with ordinary telegraphic instruments ?” “ Ans. 
Speed.” 

We thus find that the telephone was a complete in- 
strument with the ordinary telegraph magnet, such as is 
shown in Fig. 7 in Mr. Bell’s first patent, orim the Reis- 
Legat receiver, or in the Vander Weyde horseshoe re- 
ceiver. It was found desirable to have a more sensitive 
and quicker acting magnet. Mr. Bell found such a 
magnet in the Hughes device, and he adopted it. In 
the Hughes device the only desirable characteristic of 


such a magnet is speed ; in Bell’s device its only desir- 


able characteristic is speed. 

In neither case has it any superiority over an ordinary 
magnet except for speed. Its function in a_ telephone 
is precisely that of any other magnet, and is performed 
in the same way. 

After its function is performed the mechanism in each 
device does different things, but the function of the 
magnet is identical in each device. 

The magnet is conceded to be old. Bell finds it 
ready to hand and uses it to effect the speed for which 
it was designed. 

Is that invention ? 

The judgment of the Cireuit Court should be af- 
firmed. 

GROSVENOR P. Lowrey, 
WHEELER H. PEcKHaM, 
Henry D. Donne LLY, 

Of Counsel for Appellee. 
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speaking telephone described in his caveat 

Caveat filed in the Patent Office Feb. 14, 1876....... 
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BELL AND HIS PATENTS. 
First Patent, No. 174,465. 


Bell’s Patent to be read in the light of his prior work and exist- 
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His Testimony as to his work and where found , 

Father a teacher of vocal articulation by whom he was in- 
structed in anatomy, etc 

He invented a speaking machine and discovered th: it. the ele- 


ments of ye were compound in nature, but was antici- 
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sell began the study of electricity and made experiments with 
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Helmholtz’s production of vowels by electricity led Bell to be- 
lieve speech might be produced similarly 

Bell sure that he stated to friends in England, 1870, we would 
one day speak by telegraph. Had no idea he would be 
connected with such a plan. 

His only idea then, a talking machine 

At that time attention upon multiple telegraphy 

In August, 1870, his parents removed to Canada 
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Apparatus. Transmitter a circuit breaker. Receiver pro- 
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useful results...... | 
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Harp instrument first apparatus he conceived for transmission 
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Asked Blake whether voice could vibrate membrane with at- 
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Blake’s Letter, October, 1874, referring to Gray’s experiments 
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At this time Bell had made no effort to demonstrate by experi- 
ment his conception of an instrument for transmitting 


human voice 
Still thought magneto currents too feeble for practical use 


Church’s comments on Bell’s Exp!anation 

Bell’s mind then imbued wholly with the idea of using mag. 
neto currents as means of transmitting speech, but thought 
such currents too feeble. Made no attempt to embody his 
conception in apparatus to transmit speech 

Devoted his time to multiple telegraphy 
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about passing an intermittent current through an empty 
helix. Asked Henry’s advice about apparatus for transmis- 
sion of human voice electrically. 

Bell recognized there were mechanical difficulties. His plan 
impracticvble. Lacked electrical knowledge. Does not ap- 
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3ell’s letter to Hubbard May 4, 1875, and its ccntents. Refers 
to fact that the resistance offered by a wire to the passage 
of a current is affected by the tension of the wire, and if 
so, current should meet varying resistance and pulsatory 
action being induced. Plan of transmitting timbre 

Two plans of transmitting timbre. One magneto plan, and the 
other variable resistance. No experiments made with vi- 
brating wire until 1879 

Bell’s Speculations as to vibrating the wire had no reference to 
microphone method 

Hubbard’s Letter, June 2, . Signals transmitted without 
battery. P/tch of note sia “1 at receiving end of. line... 

Bell’s Experiments on system of autograph telegraphy 

Apparatus tested. Reed plucked at one station produced cor- 
responding vibrations in the reed at the other. Bell ree- 
ognized that the timbre of plucked reed was reproduced. 
Supposed the electric impulses were generated by residual 
magnetism 

These expcriments demonstrated that his conecived 
(not constructed) would transmit speech 

Watson constructed membrane instrument. It was a fa/lure. 
Reconstructed and again failed. Only experiments con- 
ducted with membrane instruments in June, 1875 

Letter to Hubbard, June 28, 1875, shows Bell mainly engaged 
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upon his multiple harmonic system ee 


Bell then at work upon his system of autographic telegraphy, 
patented April 6, 1875 orn 

July 1, 1875, ina letter to Hubbard, Be refers to an experi- 
ment with a stretched membrane attached to the armature 
of an electro-magnet used as a transmitter in an electric 
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periments with the membrane transmitter and duplicate 


receiver produce no better result 

Watson could not make out what 
sounds heard were produced by membrane telephone. 
Claims experiment demonstrated practicability of trans- 
mitting speech 

Bell, convinced in summer of 1874, had devised method and 
apparatus for transmission and reproduction of sonorous 
vibrations. Doubted practical value of reproduced speech. 
Thought vibrations would be microscopic photographs of 
originals. Could not be heard. Doubted tliat magneto 
currents produced by the voice would be of any practical 


In May, 1875, ‘‘ devised” a method of varying the resistance of 
a current by action of voice. Experiments, June 2, 1875, 
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fects. Bell then ordered membrane telephone constructed. 
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Time after July occupied in experimenting with reeds, mag- 
nets and coils to obtain best effects.................26. 

Bell made few experiments between the end of July, 1875, : 
date of patent. He remembers none 

Description of Bell’s Apparatus used in experiment of June 2, 
1875, and the difference between said apparatus and_ that 


He attempts to explain and account for his delay in trying ex- 
periment to ascertain whether magneto currents would be 
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Bell had simply satisfied hisown mind that with the magneto 
method he would be able to solve the problem of the trans- 
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the results ascribed to Fig. 
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testimony showing the sense in which he used the word 
‘‘method.” His plan the magneto method................. dai 

Describes and contrasts the tro plans or methods for transmit- 
ting timbre—one the magneto electric, and the other the 
variable resistance method.. 

Bell had the impression on his mind that a stretched membeane 
would have a rate of vibration of its own. In describing 
Fig. 7 and its operation Bell refersto the method of impart- 
ing motion to the armature by attaching it to a membrane 
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THe AmerRICAN BELL TELEPHONE COMPANY and the 


METROPOLITAN ''ELEPHONE AND T'ELEGRAPH Com- 
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THE AMERICAN BELL ‘TELEPHONE Company and the 
METROPOLITAN TELEPHONE AND TELEGRAPH Com- 
PANY, Appellants, 


VS. 


THE Mo.LecuLtar TELEPHONE COMPANY, GEORGE BELL 
,ET AL. 


APPEALS FROM THE Crrcuit Court oF THE UNITED 
STATES FOR THE SOUTHERN District oF NEw YorK. 


Brief for the Molecular Telephone Com- 
pany and other defendants. 


[The duplicate references herein to QO., signify the Overland 
Case, to a paged copy of which counsel have had access, as this 


brief is going to press. In some cases, the evidence has not been 
\ completely transferred to the Overland Record in this Court, and in 
such cases, our reference to this and other records stand. | 


This appeal is from a judgment of the Cireuit Court 
of the United States for the Southern District of New 
York. 


The bill charges an intringement of the rights of the 


complainants, arising under Letters Patent No. 174,465, 


issued to Alexander Graham Bell, on the 7th day of 

March, 1876, and Letters Patent No. 186,787, issued to 

5 the said Bell on the 50th day of January, 1877, now 

by mesne assignment the property of the complainants 
(pp. 3 to 17, Molecular Record). 

The answer denies the validity of the letters; and 


the alleged infrmgement of thein. 


On final hearing upon the pleadings and _ proofs, ¢ 


dlecree was entered for the complainants upon the fifth 
claim of said Letters Patent No. 174.465: and the 
sixth, seventh and eighth claims of said Letters Pa- 
tent No. 186,787 (Record, 2171); and the defendants 
appealed. 

Upon the fifth claim of said Letters Patent No. 
186,787 the decree was for the defendants (/b., 2172) 
and complainants appealed. 


The defenses set up in the answer, and now relied 
upon by the defendants, are the invalidity of Letters 
Patent No. 174,465. 

Because : 

Ist. As a patent fora machine, the instrument or 
machine described and claimed is an inoperative device. 

2d. As a patent for a new art, there is in the patent 
no disclosure of what the art is or any description of 
the art process that would enable a skilled person to 


beneficially use it. 

3d. Because the claims of the patent include and 
appropriate mere forces of nature and things which are 
not subject matter of patent. 


4th. Because all the claims of the patent are antici- 
pated or limited by the inventions and discoveries of 
Reis, Gray, Dolbear, Holeomb, Van der Weyde, Mc- 
Donough, Varley and others. | 

As to Letter No. 186,787, the defendants’ contention 
IS : 

1. That the claims are all anticipated by the inven- 
tions and discoveries of the persons named and others. 

2. As to both said letters the defendants deny that 
they infringe any of the claims therein set forth. 

Proof of infringement was founded upon the me- 
chanical construction of the defendant’s instrument, 
given by Daniel M. Adee (beginning at p. 77 of Molec- 
ular Record); and the evidence of Prof. Charles R. 
Cross (p. 108, int. 19, and p. 122, /bid), that he had 
examined and tested the instruments marked Exhibit 
Defendant's Transmitter and Exhibit Defendant’s Re- 
ceiver, and found that from their construction and 
method of operation they are adapted, when suitably 
connected with a battery, to transmit articulate speech ; 
and that when so connected and so operated they use 
‘* the method invented by Bell and described in his specification 
‘* No. 174,465, for transmitting vocal or other sounds telegraphic- 


‘ally, by causing electrical undulations similar in form to the 
‘* vibrations of the air accompanying any sound.” 


The claims referred to in the decree, Mol. R, p. 2171, 
are as follows: 
5TH CLAIM OF PATENT, 1876, P. 54. 


‘5. The method of, and apparatus for, transmitting vocal or 
other sounds telegraphically, as herein described, by causing 


° 
- 


‘+ electrical undulations. similar in form to the vibrations of the air 


‘accompanying the said vocal or other sounds, substantially as set 
‘ forth.” 


- 


6TH. 7TH AND StH CLAIMS OF PATENT OF 1877, P. 64. 


‘¢ 6. The combination, with an electric telephone such as de- 


‘* seribed, of a sounding box, substantially as herein shown and set 


‘ forth.” 


28 a clan cer tt 


‘© 7, In combination with an electric telephone, as herein de- 

‘ scribed, the employment of a speaking or hearing tube for con- 

‘ veying sounds to or from the telephone, substantially as set forth.” 

‘8. In a system of electric telephony, the combination of a 

permanent magnet with a plate of iron or steel or other materia] 

capable of inductive action, with coils upon the end or ends of 
said magnet nearest the plate, substantially as set forth.” 


— 
— 


- 
- 
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* ERRORS ASSIGNED.” 


Frrsr. The Court below erred in holding that the 
5th claim of Patent 174,465 was valid. 

Seconp. The Court below erred, in holding that de- 
fendants infringed the 5th claim of Patent 174,465. 

Tuirp. The Court below erred in holding that the 
6th, 7th and 8th claims respectively of Patent 186,787 
were valid. We assign separate errors as to the hold- 
ing valid of each of said claims. 

Fourtu. The Court below erred in holding that the 
defendants infringed the 6th, 7th and 8th claims of 
Patent 186,787. We assign separate errors in respect 
to the infringement of each of said claims, 6th, 7th and 
Sth of Patent 186,787. 


‘* Vocal sounds” and “articulate speech ” 
were not convertible terms in the tele- 
graphic art at the date of these patents. 


The “ vocal sound © of multiple telegraphy was under- 
stood to be a mere musical note, sounded at an agreed 
pitch. Its mechanical alternative would be an organ 
pipe, or other wind instrument. 


Deposition of Dr. William F. Channing, Mol. R., 555 : 


‘* As I have already stated in my direct testimony, the expression 
‘vocal sounds’ had been previously used in multiple telegraphy 
without any reference to articulate sounds.” 


Deposition of Prof. Chas. A. Young, Mol. R., 394; 
O., p. 791: 


‘*T understand them to be sounds suitable for wse in multiple 
telegraphy, that is, musical tones of definite pitch, produced by the 
voice or other means.” 


Deposition of Prof. Charles R. Cross, Mol. R., 129 : 


‘* Cross-Int. 45. At that time was the art of transmitting musical 
tones, including vocal musical tones, by electricity known? 

‘“Ans. The art of transmitting the characteristic pitch of musi- 
cal sound, including the pitch of a sound produced by the voice, was 
known. The transmission of all the characteristics of any sound, its 
intensity, its pitch and its quality was not known.” 


Deposition of Dr. Carl Seiler (p. 15), Clay Commer- 
celal Record : 


‘““Q. 18. What is meant by the expression ‘vocal sound,’ and 
what is its organ ? | 

‘Ans. Vocal sound is the utterance of a sound of voice, and is 
common to all animals who possess the organ of voice. 

‘(. 19. What is meant by articulate speech, and what is its 
organ ? 

‘‘ Ans. Articulate speech is the serves of sounds and notes uttered 
in arbitrary sequence to express ideas. These sounds and noises 
are divided into two classes, called vowels and consonants. 

‘© (. 20. Does vocal sound include articulate speech according to 
the sense in which these respective terms are used by writers on 
this subject—and furnish illustration, if you are able to do so ? 

‘A. Vocal sound or voice isa different manifestation from articu- 
late speech, for, as already indicated, the one may exist without the 


other. 
‘¢ Carpenter, in his Principles of Human Physiology, 1876, | 
page 844, says: ‘It is necessary to bear in mind that vocal sound 


and speech or articulate language are two things entirely different, 
and that the former may be produced in great perfection where there 
is no capability for the latter.’ 

‘Flint, in his text-book on Human Physiology, 1877, page 549 
and following pages, treats the subject under the two heads of 


«acerca en ee a tee . 


‘voice’ and ‘ speech. 

‘Marshall, in his Outlines of Physiology, London, 1867, Vol. 1, 
page 248 and following pages, treats the subject in the same way. 
Lemuel Brown and Emile Behake, * Voice, Song, and Speech,’ 1884, 
page 35, say: ‘ Voice is sound originated in the larynx, and may 
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be produced by any animal possessing that organ. Speaking is 
voice modified by the cavity of the mouth.’ This is the general 
mode of treatment by authors on the subject.” 


Deposition of Prof. A. G. Bell, Mol. R., 1600-1603 : 


ao. * * * 

‘A. By reference to a letter that I received from him, dated 
Oct. 21, 1874, in which he referred to some letter that he had re- 
ceived from Mr. Elisha Gray concerning experiments in telegraph- 
ing ‘ vocal’ sounds. 

‘Int. 59. The letter refers to an interference with Mr. Gray. 
Were you then in interference with him at the Patent Office; and, 
if so, upon what subject ? 

‘* A. Twas then in interference with Mr. Elisha Gray upon the 
subject of harmonic multiple telegraphy.” 

(This shows that Bell and Gray both used the words ‘* vocal 
sounds” in the same sense, thatis, as applied to multiple telegraphy. ) 


Mol. R., 1715: 


‘ x-Q. 435. The old Reis telephone already referred to in x-Q. 
383 and the answer thereto was a telephone, which was operated by 
the human voice, and by vocal sounds, and by sounds produced by 
musical instruments, was it not ? 

‘*A. T presume so.’ 


’ 


The art of reproducing in any manner, vocal or other 
sounds, and articulate speech, is one art. It is the art 
of reproducing the vibrations which must always ac- 
company any original sound or sounds, whether they 


be simple or complex. 


When the reproduction of either class of sounds em- 
ploys the electric current, the natural modus operandi 
is, changes in the strength of the current oceur which 
in degree and rapidity of succession correspond sub- 
stantially to the air vibrations of the specific sound or 
sounds being transmitted. 

These changes are now commonly called undulations.* 


* This term is not adopted because the current is supposed to 
undulate as the waves of water undulate, but because a line drawn 
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There are only two ways or “ methods,” so far as is yet 
known, for producing the changes of current needed in 
the practice of the art of reproducing, or—as it is 
erroneously called—transmitting, sounds telegraphi- 


cally—viz. : 


(1) By varying the initial, or electro-motive force of 


a current. 
(2) By varying the resistance to the flow of A current, 
without varying its initial, or electro-motive force.* 


These two ways of producing the needed CHANGES 
constitute two distinct and different methods of practicing 
the art of ‘“‘ transmitting vocal or other sounds ” (and 
also articulate speech) a telegraphically *- 
causing electrical undulations similar in form to the 


on paper to represent graphically the increase and diminution, or 
rise and fall of current strength would show a surface line some- 
thing like the surface of water, when in motion under the influence 
of the wind. 

* According to Ohm’s law, if C be the current-strength, E the 
clectro-motive force, and R the resistance in any electrical circuit, 

E 
we have C= —, and, hence, we see that the current-strength in any 
R 
circuit can be varied jn tivo distinct ways, either, first, by varying the 
resistance and keeping the electro-motive force constant; or, sec- 
ondly, by varying the electro-motive force and keeping the resist- 
ance constant. These two ways of varying the current-strength give 
rise to two distinct classes of telephone, of which we shall now give 
examples. * * * 

337. Reis’ TeLepnone.—This is an example of a _ telephone 
which is worked by varying the resistance in the circuit, the electro- 
motive force being constant. 

* * *x + ~ * ~ 
8. Bett TeLepnone.—The Bell Telephone, so called from its 
inventor, Professor Graham Bell, is an example of a telephone 
which is worked by varying the electro-motive force and keeping 
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the resistance constant. | 
Ferguson’s Electricity, W. & KR. Chambers, London and 
Edinburgh, 1882, pp. 391, 393. 
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vibrations of the air accompanying the * * * sounds 


AT ATA A'S 99 
. a 7 


THE FIRST METHOD™ is that figured in Mr. Bell's pat- 
ent by a drawing exhibited below ; and to which draw- 
ing, counsel for complainants have been heretofore un- 
derstood to say the 5th claim above quoted, solely re- 
lates.t 

By this method the efficient current—that 1s, the par- 
ticular current which affects the receiver—is generated 
in the transmitter by magnetic action; and is efficient 
by reason of variations in its initial force, called electro- 


motive force. 

This is called the magneto method. 

When, instead of a permanent magnet, a battery is 
employed to magnetise the magnet it is called, a mag- 


neto-electric method. 
THE SECOND METHOD is that employed by the defend- 
ants, and by the complainants. 


***T feared that the induced current would be insufticient. * * *’’ 
‘* T began to look about for some other method. * * *” 
Testimony of Mr. Bell, Mol. R., pp. 1650, 1651. 


‘* First part of the question * * * referred to my method of 
inducing currents * * * (p. 1651). 

‘‘ During the winter of 1874 * * * this feeling led me to 
seek some method by which the voice instead of producing the elec- 
trical current used, should merely modify a current produced by 
other means. In May, 1875, I devised @ method of varying the re- 
sistance of a galvanic circuit by the action of the voice. * * * I 
was still carrving on experiments and researches regarding this 
method. * * *” (p. 1660). 

+ Perhaps the language of counsel in argument has been misun- 
derstood. The present position of complainants on this point is 
probably expressed in the testimony of their expert, Prof. Cross, in 
the Am. Bell Tel. Co. vs. New Jersey Tel. Co., Cir. Court, Dist. of 
N. J. (stipulated into the Molecular case), Cross-Interrogatories, 52 
to 71, printed in the Circuit Record in that case, which will be 
handed up. 
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By this method a current of constant electro-motive 
force is generated in a chemical battery, and is made 
effective for work in telephony by the introduction of a 
varying degree of resistance to its flow through the 
circuit ; which variation of resistance may meet it any- 
where between the battery and the receiver. 

This is the variable resistance method. 

The general plan of this argument is, to bring under 
consideration, 

First. The difference between 


(1) The instrument (and its method) patented by Mr. 
Bell ; and 

(2) The instrument (and its method) used by the de- 
fendants ; with a reference to models of the va- 
rious apparatus. 


SECOND. Some facts known or generally assumed to 
be true in acoustics, electricity and magnetism ; with a 


chronological notice of the developments of these sci- 
ences, in respects material to the questions at issue in 


the case. 

TuirD. An historical statement of the development 
of the art of telephony as at present practiced ; showing 
its beginning, respectively with Charles Bourseul, of 
France, in 1854,and Philipp Reis, of Germany, in 1860 ; 
and its course thence through various experimenters 
to Bell in 1875; ending with Edison, Hughes and 
Blake in 1877, 1878, and succeeding years. 

FourtH. <A consideration of the patents of Mr. 
Bell; and the bearing thereon of the facts already 
shown. 

FirrH. Questions of law pertinent to the facts. 


In this manner counsel for these defendants hope to 
aid the Court in determining the question— 
What has Alexander Graham Bell done to entitle him 
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and his USSUQNCES iD the unexranipled reward of a complete 


monopoly of this art i 


FIRST. 


Statement of some of the elements of 
the commercial telephone now in use, 
which distinguish it from the Bell appa- 
ratus figured in Letters Patent No. 174.,- 
465, of 1876. 


The commercial telephone in use under the name of 
the ‘* Bell telephone,” is now familiar to all. 
In a popular sense any question relating to the inven- 


tion of Mr. Bell would be understood as referring to a 
certain known form of instrument enclosed in a wooden 
box of uniform design ; which usually hangs upon the 
walls of a room; into which persons, desiring to 
communicate at a distance, speak in a_ well-known 
manner; and at another part of which they may 
listen. ‘This form is so fixed upon the imagination, as 
the true, concrete representation of what many suppose 
to have been Mr. Bell's intellectual conception, that it 
is thought desirable—even in introducing this case to a 
court, familiar with cognate subjects—first, to point 
out what things in this box are plainly and confessedly 
not the invention of Mr. Bell. 

This process will result in eliminating from the cases 
before the Court every element which in mechanical 
commercial telephony is employed in transmitting 
speech. No part of that Listyunee nt was invented hy Mr. 
Bell. And, in justice, it should be stated that no 
part of it is now claimed by the complainant to have 
been invented by him. 

This elimination results in bringing into view what 
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Mr. Bell did invent, to wit, the unfamiliar little device 
of which a drawing is given below (p. 19); being a copy 
of the drawing numbered Figure 7, attached to Bell's 
patent of 1876. This is the telephone (now so called, 
though not called or recognized as such at the date of 
the patent), and the only one ever invented or claimed 
by Mr. Bell—at least the only one which these records 
bring into issue. 

Lest, however, even for a moment, counsel should 
seem to be begging or ignoring the question in con- 
troversy on this appeal, it should at once be said 
that it is claimed for Mr. Bell that a certain princ- 
ple or method of operation, under which that little 
apparatus talks—when it talks—was secured to Mr. 
Bell by the 5th claim above quoted; that that 
method of operation is employed whenever and however 
speech is transmitted; and that such employment is 
unlawful unless with the consent of the complainant. 


SECOND. 


The methods of Bell’s Fig. 7, and of the 
defendant’s and all other commercial 
transmitters.—contrasted. 


Isv. THE VARIABLE RESISTANCE METHOD AND TRANS- 
MITTERS LIKE THAT OF THE DEFENDANTS. 


The variable resistance method requires, like the 
magneto-electric method, but one cireuit ; although two 
circuits called primary and secondary, are used in com- 


mercial business, where places more than say one-half 
mile from each other are to be connected. The explana- 
tion now to be given will, for greater simplicity, 
describe the transmitter as an element in one single cir- 
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cuit consisting of battery, transmitter, receiver and 
the necessary connecting wires. 

The Blake transmitter, being the one cliefly used by 
the defendants, and therefore more commonly known 
than any other, will be adopted as the example by 
which to illustrate the mechanism and method of ope- 
ration of the class of transmitters to which it belongs, 


and which are popularly called microphones. 
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The function performed by this transmitter is to 
interpose a resistance to the flow of current from the 
battery through the circuit above described, which 
may be made to vary. This it does by means of a 
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piece of carbon (c) and a piece of platinum (/) which are 
held in normal contact by two springs (7 and e), and 
from one to the other of which, through the 
platinum and carbon contact, the current must pass. 
The pressure of the springs is subject to be disturbed 


by many causes,—even by the jar of a sound made in 
the neighborhood ; and the resistance between the 
contact points c, 7, is varied as this pressure is varied. 

The Blake transmitter consists essentially (1) of a 
flat piece of thin board (v@) with a small round hole in 
the middle ; (2) a ring of cast 1ron screwed to one side of 
the board, carrying a cross bar or spring lever (b), to 
which near its upper end is fastened a square block of 
non-conducting material ; (3) a thin light spring (e) one 
end of which is inserted into the block of non-conduct- 
ing material ; and the other end of which hangs down 
opposite to the hole in the centre of the board, and 
carries on each of its faces a small point of platimum (d) ; 
(4) another but stiffer spring (7), the upper end of which 
is in like manner inserted into the block of non-con- . 
ducting material, carrying upon its lower end—which 
hangs parallel to the first mentioned spring,—a piece 
of carbon (c) on the face next to the other spring ; (5) a 
piece of thin metal called a diaphragm (g) which is fast- 
ened at its edges to the iron ring—though insulated 
from it—so as to close the small hole in the board on 
the side next the springs. The cross bar or spring 
lever is subject to adjustment by a screw (/) which bears 
against its lower end so that that end may be pressed in 
towards the stiff spring which is parallel to, and next it. 
The tension of the two springs above described is such 
that they press lightly against each other,—bring the 
piece of carbon (¢) on the stiff spring into contact with the 
platinum point (7) on one face of the lighter spring,—and 
also press the platinum point on its other face against 
the diaphragm. <A battery is connected by a wire, 
to the upper part of the stiff spring ; another wire is 
connected to the upper part of the light spring, and is 
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led thence to the required distance where it is con- 
nected with a telephone receiver (assuming that no 
secondary circuit is used) and is carried thence to the 
ground or back to the battery, thus making a complete 
circuit over which an electric current may flow. The 
course of the current is, (1) from the battery to the stiff 
spring (7); (2) down that spring to its lower end; (3) 
through the carbon (c) block of that spring, to the plati- 
num point (/) of the other spring ; (4) through that plati- 
num point to the hght spring (e), and (5) up that spring to 
the place where the other wire is attached ; (6) thence 
through that wire—called the line, or line wire, to the 
receiver ; (7) and through the receiver to the earth or 
by another wire back to the battery. The contact of 
the platinum points with the diaphragm on one side 
and the carbon point on the other is such that even the 
slightest jar will cause the platinum and carbon to be 
pressed more closely together, or driven measurably 


apart. A strong jar (such as results from too loud 
speech in front of the diaphragm for instance) may 
when they are properly adjusted for transmission of 
sound cause them to be for a very brief period, say for 
the ,}, part of a second, and for a brief space, say for 
the -... to =, 1, of an inch, to be separated. Such a 


i000 50000 
separation being regarded prejudicial to the transmis- 
sion of speech, is sought to be guarded against by an 
adjustment of the screw and cross-bar ; and also by an 
avoidance of too loud speaking. 

The apparatus being set up, a current is permitted to 
flow from the battery through the circuit. This it does 
by reason of what may be considered as a force behind 
it, resulting from the interaction of the elements of the 
battery. This is called electro-motive force. It is not 
a force of the current, but of its generating source— 
something which compels the production at places dis- 
tant from the battery, but connected with it by a con- 
ductor—of phenomena, which are attributed to a 
force originating in the battery. In ignorance of what 
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does actually occur, the supposed transference has been 
likened to the flow of water, and, for want of any better 
term, the electrification of the conductor has been 
called a current. The only thing known is, that when 
the elements of the battery are permitted to act, certain 
phenomena occur throughout the entire cireuit—how- 
ever long it may be—at almost the same instant; so 
that, if the battery be in New York, the phenomena of 
electrification can be made to appear in San Francisco 
in «bout three-tenths of a second. 

This flow meets a resistance in the circuit which can 
be definitely measured and stated; and which can 
be inereased or decreased in various ways. One 
way is to increase or decrease the cross section of 
the conductor at some point, thus narrowing the path 
for the current; as if a flexible tube, through which 
water 1s flowing, should be compressed by the hand. 
If now we suppose the diaphragin of a telephone trans- 
mitter to be vibrated by speaking before it, it will press 
inwards, thus driving the light spring back and press- 
ing the platinum more against the carbon. This pres- 
sure brings many molecules—perhaps many millions— 
into actual contact, which were not in contact before. 
This increase of contact enlarses the cross section of 
the conductor at that point; widens the path of the 
current, and the resistance to its flow is proportionally 
diminished. When the diaphragm reacts it relieves 
this pressure ; there is a diminution of contact; the 
cross section is diminished ; the pathis again narrowed 
and the resistance increase’. If this variable contact 
is made correspondingly to the rarefaction and conden- 
sation of air constituting sound waves, the current is 
said to be “moulded” into the form of the sound 
waves ;* and, by help of other arrangements in the re- 


ceiver, speech is reproduced. 


* Mr. Dickerson, in his very able argiiment in this case at the cir- 


cuit, said: 
«“* * * a new art, founded upon a new discovery; and that 
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This way of reproducing sounds is called the variable 
resistance method, and a transmitter thus operating is 
called a variable resistance, or variable contact, trans- 


mitter. 
Such a transmitter* is incapable of acting by the mag- 
neto method ; as a magneto transmitter is incapable of 


acting by this method. 

The changes in current strength being called undula- 
tions, the current in which they occur is called an un- 
dulatory current. 


it includes and covers all telephones in which the electric current is 
moulded into the form of speech,” &c. (p. 2). 

‘* But the essence of his invention is to ‘ undulate’ or mould acur- 
rent into the desired form by means of the air vibrations.” * * * (p. 7). 

* The prototype of all such transmitters is the Reis transmitter. 
The moulding process manifestly takes place at the contact point of 
the transmitter. That the Reis transmitter is capable to ‘‘ mould” 
or undulate an electric current by means of, and in substantial ac- 
cordance with, aerial vibrations accompanying any sound is abund- 
antly proven; but for the present the fact may be taken from the 
lips of Prof. Cross, plaintiff's expert, in the case of The Am. Bell 
Tel. Co. vs. The New Jersey Telephone Co., which will be hereafter 
referred to as the N. J. McDonough case. The testimony of Prof. 
Cross is introduced into this case by stipulation : 

‘+ x-Int. 74. Is there no practical method of determining whether 
in any particular apparatus the deformation and loss of portions of 
the electrical undulations have reached such a point as to place the 
apparatus outside the scope of Bell’s fifth claim, or in other words, 
so that the apparatus will cease to operate upon the method referred 
to in that claim ? 

‘* Ans. If an actual piece of apparatus, which could be experi- 
mented with, were produced, it would be possible to determine 
whether it did or did not operate according to the method described 
in the fifth claim. 

‘x-Int. 75. What would be the practical test? 

‘* Ans. One would observe the construction of the apparatus, 
the mode in which it was intended to operate if this were stated, 
and the results actually obtained as apparent to the ear. 

‘x-Int. 76. Could you determine the question by the last test 
alone ? 
‘* Ans. I have not found any difficulty in determining it in any 
apparatus that I have ever seen. 
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Lhe essential characteristics which distinguish this meth- 


od are, that the CONSTANT ts a voltaic current originating in a 
battery, disturbed by variation of resistance—thus creat- 
ing an undulautory current of electricity—and that the 
source of efficiency is the battery. 


A secondary circuit is now universally used in 
commercial telephony, not because it is necessary— 


‘¢ x-Int. 180. Do you know of any method of adjusting a Blake 
transmitter so that it will operate efficiently otherwise than by 
listening to a receiver joined in the same circuit ? 

‘*Ans. Not of any method which would be a practical one and 
satisfactory. I know of no other which has been used. 

‘*x-Int. 131. Can you tell by merely looking at the Blake trans- 
mitter whether it is so adjusted as, when spoken to, to produce 
electrical undulations in the circuit similar in form to the air waves 
acting on the transmitter? 

‘Ans. I do not think that I could tell certainly by simply look- 
ing at it when it was not being operated, which I assume to be the 
condition supposed by your question. I think that I could adjust 
it, if | could see the electrodes, so that it would produce such undu- 
lations; though I do not suppose that I could so adjust it as to give 
the best results in transmission. I have never tried to adjust the 
instrument in this manner, however, and so may be mistaken in my 
impression. 

‘ x-Int. 132. If you were endeavoring to transmit speech with a 
Blake transmitter so adjusted that it would not transmit speech, 
would the apparatus embody the invention of the fifth claim of Bell’s 
patent of 1876? 

‘‘Ans. I should think that would depend upon how it was ad- 
justed. If it failed to transmit speech because, it cid not transmit 
any electrical undulations, or because those which it did produce 
were not similar in form to the sound waves producing them, I 
should not think it would embody the method and apparatus of that 
claim.” 

‘* x-Int. 135. You know it to be a fact, do you not, that the 
electrodes of a Reis transmitter can be so adjusted relatively to 
each other, by the mode in which the instrument is talked to that 
it will transmit speech ? 

‘‘ Ans. I have been able to transmit speech intelligibly by speak- 
ing gently to a Reis transmitter in circuit with a battery and Bell 
magneto-receiver. 

‘* x-Int..1386. At such times, as you understand it, the Reis 
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or even desirable for the correct transmission of 
speech—simply. It is when speech is to be transmitted 
over a considerable distance, that it 1s necessary, 
to reinforce the power of the current to overcome 
the resistance of a long line. This object—essential to 
telephony as a commercial business, but non-essential to 
it as a patentable art—is accomplished by an induction 
coiland the establishment through it of a secondary 


instrument is producing electrical undulations similar in form to 


the air waves ¢ 

‘“ Ans. It is. 

‘x-Int. 137. And embodies the invention of Bell’s fifth claim of 
the patent of 18767 

‘* Ans. I understand that it does when so operated. 

‘x-Int. 159. Did you find that you were also able, with that 
same Reis transmitter to so adjust the electrodes in their relation to 
each other simply by your mode of talking to it that it would not 
transmit speech ? 

“Ans. When I talked to it loudly, so that the circuit was 
broken frequently, I was unable to transmit speech by it. 

‘ x-Int. 140. Did it at such times embody the invention of Bell’s 
fifth claim ? 

‘* Ans. I should say that it did not. 

‘x-Int. 141. Then according to your belief, the determination 
of the question whether or not a Reis transmitter embodies the 
invention of the fifth claim of Bell’s patent of 1876 does not depend 
upon the construction of the instrument or therelation of the parts 
to each other when at rest, but upon the mode in which the in- 
strument is used. Is that correct ? 

‘‘ Ans. It is.” 

Thus we have the controversy as to anticipation charmingly simpli- 
fied. Any Blake transmitter which will Nort talk is a Reis transmitter ; 
and any Reis transmitter which wii. talkis a Blake transmitter ! This 
distinction does notarise from the inventor's purposes,—deducible from 
the construction of his instrument or otherwise—but from the 
changing purpose, or caprices, or differing skill and intelligence of 
operators. The chief test is, listening! If one of Reis’s old ma- 
chines should be heard, its author is Prof. Blake. If one of Prof. 
Blake’s new instruments fails to speak, its disgrace is imputable to 
its inventor, Mr. Reis! From which it results that a Reis transmitter 
runs great risk of never being a Blake transmitter in the hands of com- 
plainant’s experts. 
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circuit, in which currents not having their rise in the 
battery are set in motion. These currents possess a 
ereatly increased power of penetration, so to speak, 
from which fact the induction coil is sometimes called 
an electrical fever. Its first use as an adjunct to a 
sound-transmitting apparatus was by Dr. Wright in 
connection with a Reis telephone previous to 1867. 
Ferguson’s Electricity (1867), p. 258. 
Molecular Record, p. 781. 


2p. BELL’S MAGNETO-TELEPHONE AND ITS METHODS. 


We may now consider the apparatus actually shown 
in the patent of 1876, and 7¢s method of operation. 

The instrument figured and in part described by Mr. 
Bell in his patent of 1876, No. 174,465, is shown in the 
following drawing : 


It will be seen that a battery is represented, which is 
the source of voltaic electricity flowing freely from the 


battery through a wire which leads to the transmitting 
apparatus, which it enters by winding about a short 
piece of soft iron b—the convoluted parts being insulated 
from each other and from the iron core by a silk cov- 
ering. The wire having been sufficiently wound around 
the soft iron core is led away e to the distant receiver, 
where it is wound about a similar soft iron core 7, and 
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thence to the earth—thus completing the circuit with 
the battery. This core and single coil constitute when 
a current is flowing, an electro-magnet—which is not, 
however, to be confounded with az induction coil. There 
is but one circuit ; and that extends from battery to re- 
celver—however great the distance. In its course the 
current meets normally, no changeable resistance. 

The figure shows a cone, A, one end of which is cov- 
ered by a membrane «@, to the centre of which, on the 
side next the coil, is attached a metal armature ¢ which is 
an inductive body—when itself magnetic, or when the 
core of the adjacent coil is magnetic. At the other 
and receiving end of the line is seen a similar arrange- 
ment of armature, membrane and cone h, i, L, except 
that the end of the receiving cone is made smaller for 
convenience in hearing. If, now, the battery current 
begins to flow, it passes through the wire wound 
around the soft iron core 4, and over the line é, on, to the 
second series of convolutions around the second soft 
iron core f and thence to the earth. In obedience to 
well-known laws of electro-magnetism, in passing 
around them, it causes each of the soft iron cores to be- 
come magnetic, and so remain, so long as the current is 
flowing. If now a sound or concussion happens 
in front of the membrane a@ in the transmitter, it 


will produce upon the membrane and its armature c an 


inward motion toward the magnet b, to be followed by 
an outward motion away from it. These motions 
of the inductive armature, by a well-known law of what 
is called magnetic induction, produce new and artificial 
eurrents in the coil of the electro-magnet, which add 
themselves to the current there flowing—causing it to 
be of a lesser or greater strength according to the 
movement of the armature to and from the magnet, and 
to the violence of such movement. Thus, if the nor- 
mally constant strength of the current from the battery 
be taken ata unit of 100, one movement of the armature 
will set up an extra current, which being added, or 
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as the technical phrase is, superposed, upon the con- 
stant battery current, will cause it to be 99; and again, 
upon the opposite ‘movement of the armature will 
increase it through various degrees to 101.* 

The increase and reduction, according to these 
well-known laws, will be in exact proportion to the vio- 
lence and extent of the armature movement. These 
changes in the intensity of the battery current are also 
called undulations ; and doubtless for the same reason, 
viz.: that the customary graphical representation of 
them wiil show a wavy line—as will also, any graphic 
chart of rise and fall in the price of wheat. The 
constant battery current as will be perceived is not 
the efficient cause of work, and has theoretically no 
part in that work. Its sole function is to keep the 
soft iron core, magnetic. Zhisis proved by withdrawing 
the battery altogether and substituting permanent. steel 
magnets in place of the soft iron electro-magnets, when 
no difference will be found; from which it is apparent 


* These proportions of increase and decrease from a normal 
current strength of 100 are illustrative only, but in fact they are 
grossly beyond any ratio of variation, which actually occurs. The 
strength of the magneto telephone current is estimated to be about 
one thousand miilion times less than the battery telegraph cur- 
rents in use. Ganot’s Physics, § 930, p. 871. The amplitude of 
the exceedingly minute air vibrations which cause the currents 
will account for their great weakness. Lord Rayleigh has made 
experiments from which it appears that the note of a whistle is 
audible ata distance at which the amplitude of the vibrating parti- 
cles of air is less than a millionth of a millemetre. Deschanel’s 
Natural Philosophy, Part III., D. Appleton & Co., 1883, p. 838. 
Whatever battery power is in use therefore in any actual telephone 
circuit, the induced current which can be generated by a magnet 
deriving its magnetism from that battery will be in such proportion 
to—and its effect upon the battery current will be in such degree- 
that we might, in a rough way, and without risk of being far 
wrong, represent the battery current graphically by a line equal 
to the height of a four-story house, upon which, to represent the 
magnetic impulses, should be superposed another line, of the thick- 
ness of a single hair. 
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that whereas in the variable resistance method the 
battery is essential and the induction coil (used only 
where a secondary circuit is desired) non-essential ; 
in the magneto method the battery is non-essential 
and a coil is essential,—for transmission. 


Bell’s Invention—What it was. 


For the purpose of more clearly exhibiting what Pro- 
fessor Bell has set forth and claimed in Fig. 7, we may 
regard the apparatus shown as consisting of two small 
dynamo-machines joined in circuit, both of which may 
be operated by the mechanical energy of sound vibra- 
tions acting on the extended membranes to which their 
armatures are respectively attached. Either of these 
machines may be operated by the mechanical energy 
of sound, thereby setting up a current which—the cir- 
cuit being, as we may say, hermetically closed—must 
traverse the other machine. As the motions of the 
membrane will vary with the number and loudness of 
the sound waves ina given time, the current will vary 
accordingly, and so the magnetism of the other ma- 
chine varying will cause its armature and attached mem- 
brane to vibrate, and thus to imitate the motion of the 
first, and so to emit a similar sound. 

The novelty in all this consisted in the use of the 
energy of air waves, to mechanically ACTUATE A 
DYNAMO machine, and to cause it—not to MOULD, 
as is sometimes claimed—but to CREATE the electrical 
currents which are to do the work. 


The essential characteristic which distinguishes this 
method is: A magnetic field disturbed by the shifting pres- 
ence of an inducing body ; which thereby creates electrical 
undulations in the wire. The efficient, is the magnetic 
force ; its source is the magnetic field; and the battery 
current is not in any sense the cause of work. 
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In the variable resistance method, the op- 

d erative current has its source in a battery, and flows 
thence with a constant energy and direction ; and 

: the needed changes in it are caused by a variation of 

\ ) the resistance to its flow. 


This is known in the arts as the “loose contact,” 
“variable contact” or “variable resistance ” method. 
In every apparatus ever devised to work by this method 
—beginning with that of Reis in 1861——-the necessity to 
keep the contact loose introduces a possibility that it 
will be broken, by too great loudness in the tones which 
are sought to be transmitted. In fact, the Blake 
transmitter frequently breaks contact in this way, and 
for this cause. The circuit of which a loose contact of 
electrodes is a part, can never be spoken of as a“ closed 
circuit” (within the sense of this patent, which shows 
only closed circuits, incapable of ever being open), any 
more than any Morse cireuit, which like the former 


may sometimes be open and sometimes closed. 


In the magneto method the battery current is not 
effective for reproducing speech, its sole function 
being, as above stated, to render the soft iron core 
magnetic. If for that a steel core, permanently mag- 
netic, be substituted, the battery may be abandoned 
altogether. 


‘* Cross-Int. Do you then think that in the operation of Fig. 7 
of Letters Patent No. 174,465 the voltaic current has any other funce- 
tion than to magnetize the electro-magnet ? 

‘* Ans. It seems to me that this is the only function which the 
voltaic current has in Fig. 7.” 

Deposition of Prof. Chas. R. Cross, Mol. R., pp 
126-7. 


The source of the effective current is in the move- 


ment of the metallic diaphragm or armature in front 
of the magnet—whether it be an electro-magnet or 
permanent magnet. 

In this—the magneto method—the circuit was prop- 
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erly designated by Mr. Beli in his patent as a “ closed 
circuit ’’—because there is no possibility of opening tt. 
And at this point we urge upon the attention of the Court 
that the terms ‘‘ continuous current” and “ closed cir- 
cuit,’ when used in the patent, or in any with reference 
to Mr. Bell’s claims are to be construed in harmony 
with, and in subordination to, his drawings and delinea- 
tions, 7. ¢., as being, by reasons of the mechanical struc- 
ture and connections shown, incapable of being other 
than ‘* closed,” or ‘‘ continuous.” As Mr. Bell was deal- 
ing with a general principle of operation which he illus- 
trated, we most strenuously insist that no circuit which 
is capable of being either open or closed according as 
accident or design may determine, is the “ closed cir- 
eult” of the patent; and similarly, that no current 
flowing in a circuit where it may be continuous or dis- 
continuous, as accident or design may determine, is the 
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‘continuous current” of the patent. 


These two ways of producing current 
changes by the energy of sound waves are 
TWO DIFFERENT METHODS in the 


arts and in the law. 


The defense consists in part, in the contention that 
these two methods of effecting electrical action in the 
transmission of speech are in law, as in art, different ; 
and that a patent for the last isnot infringed by the prac- 
tice of the first, method. 

The judgment of the Circuit Court sustains the alle- 
gations of infringement under the fifth claim, and no 
other claims of the patent of 1876; and the opinion of 
the Court shows that it is the so-called ‘ method ” 
portion of the fifth claim, which is deemed to have 
been infringed. 

The apparatus portion could not be considered 
infringed, since the two (transmitter) machines are 
essentially different, nether being capable of use in 
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the place of the other. 
the forces of a current flowing through it by in- 


The one is adapted to vary 


terposing opposition to its flow.: The other is 

adapted to the introduction in the current flowing— 

{ not through i, but in its neighborhood—of new 
magnetic nnpulses which have the effect to reinforce 
the strength of that current; and by withdrawal of 
that reinforcement, to weaken it. 


As to the parts of Bell’s device, the limits of novelty 
will be seen when we know that Reis used the mouth- 
piece membrane (Reis—Bourseul Pub., p. 55); Pick- 
ering (Overland Rece., p. 208) and Bourseul, the 
metallic diaphragm; Shellen, the permanent magnet 
with the coil on the end encircling an electro-magnet 

exactly as figured in the Bell Patent ef 1877 (Mol. 
| Rec., p. 748); Reis—Legat, the electro-magnet (Reis 
\ Bourseul Pub., p. 29); and Wright, the induction coil 
(Ferguson, Electricity, p. 258). 
At this place we will briefly,—and in advance of fuller 
discussion hereafter,—refer to the patented methods. 
The first is a method for producing electrical undu- 


lations in a closed magneto cireuit, as follows : 


Claim 3: ‘* The method of producing undulations ina continuous 


voltaic current by the vibration or motion of bodies capable of in- 


ductive action, or by the vibration or motion of the conducting- 


wire itself, in the neighborhood of such bodies, as set forth.” 


The second is a method for producing electrical un- 
dulations in variable resistance circuits, as 1>llows: 


Claim 4: ‘The method of producing undulation in a con- 


tinuous voltaic e/reuit by gradually increasing and dimi. ishing the 


resistance of the circuit, or by gradually increasing or ad minishing 


the power of the battery, as set forth.” 


The third is for ¢ransmitting sounds telegraphiczlly, 
&c., as follows: 


Claim 8: ‘** The 


method of, and apparatus for, transmitting 
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vocal or other sounds telegraphically, as herein described, by caus- 
ing electrical undulations, similar in form to the vibrations of the 
air accompanying the said vocal or other sounds, substantially as 
set forth.” 


The third and fifth claims are illustrated by an ap- 
paratus, Fig. 7, which—long after the date of the 
patent—is said to have proved operative, though it has 
never been in use. 

This is, as already shown, an apparatus for ¢/ais- 
mitting sounds by the method of causing undulations 
in the magneto method, ¢.e., by manufacturing currents, 
so to speak, in the transmitter, using for power the 
identical sound waves which it is desired to reproduce. 
The idea of utilizing the power of the sound waves to 
cause a reproduction of themselves was old, but the 
idea of using them in multiple telegraphy, to actually 
create the needed current, was new and ingenious. 

For this Mr. Bell will always have due credit from 
the present counsel of the defendant. 

No apparatus for transmitting, etc., by causing un- 
dulations in the variable resistance method is shown, or 
even hinted at in the patent. 

A way of creating undulations in a voltaic current 
through a circuit capable of being open or closed, is 
stated. , 

But how—that is, by what method or apparatus—these 
undulations can be put into a form similar to any sound, 
or can be used in vocal or other sound {PUNSMAISSLON, we 


are not told. 


‘* Tt was known long before the date of Mr. Bell’s patent that the 
resistance of a circuit is varied without being broken by variations 
in the intimacy of contact or amount of pressure between two elec- 
trodes in contact, from one to the other of which a current is pass- 
ing.’’ (Prof. Cross, Ans. 62, p. 110, Mol. R.) 


The language of the specification on this subject 
referred to by Prof. Cross (Mol. R., p. 107) to sustain 
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their broad interpretation of the 5th claim is as fol- 


lows: 


} . :; ; 
‘* Electrical undulations may also be caused by alternately 
r increasing and diminishing the resistance of the circuit. * *  * 


For instance, let mercury or some other liquid form part of a vol- 
taic circuit ; then the more deeply the conducting wire is immersed 
in the mercury or other liquid, the less resistance does the liquid 
offer to the passage of the current. Hence the vibration of the con- 
‘ducting wire in mercury or other liquid included in the cir- 
cuit occasions undulations in the current. The vertical vibra- 
tions of the elements of a battery in the liquid in which they are im- 
mersed produce an undulatory action in the current by alternately 
increasing and diminishing the power of the battery.” 


Manifestly Bell had not then discerned that the 


sound waves could be utilized to vibrate a portion of 


| the circuit so as to vary its conductivity, thereby pro- 


ducing corresponding electrical variations therein, and 


| sonorous vibrations at the receiving instrument. He 
a did not suggest any apparatus for such a process in his 


patent ; and there is no evidence that he knew anything 


or had thought anything upon the subject. 


further invention was required tor this. 


Such invention had been previously made by Elisha 
Gray, and a caveat: therefor filed in the Patent Office 
previous to the granting of Mr. Bell’s patent (Mol. Rec., 
p. 895). On the 10th of March, three days after the 
sranting of the patent, and immediately after his 


return from Washington (where he certainly ob- 


tained some knowledge of Gray’s invention—/ow much 


we do not mean to discuss at this place) Mr. Bell made 


a variable resistance transmitter with which, for the first 


time, he obtained articulate sounds (Mol. R., p. 2083).* If 


* The incongruity of the words last quoted-—from the patent, 


has always excited surprise and curiosity among students of Bell’s 


4 patent. The astounding results of a comparison of different 


copies of the specifications in the record, and which, unless satis- 


factorily explained, seem to demonstrate that these words were 
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the device was his invention, it was either made before 
the granting of the patent, and was therefore aban- 
doned, by not being described ; or was made after, and 
therefore cannot sustain a previous broad claim 
for a process. In either case, so much of his alleged 
invention as consists (by complainant’s present con- 
struction of the patent) in the transmission of sounds 
by undulations, resulting from variation in resistance, 
was not sustained by any “ pointing out,” ete. (R.S., 
4888), of any device old or new with which that opera- 
tion could be carried on.* 

That Bell had not pointed out a liquid transmitter in 
his first patent is proven by the fact that in his second 
patent he says “I have heretofore described and ex- 
hibited such other means of transmitting sound, as will 
be seen by reference to the proceedings of the American 
Academy of Arts and Sciences, Vol. XIII.” That was 
in a communication made to the A. A. & S., May 10, 


fraudulently added after the application was filed and sworn to, 


will be left to be dealt with by counsel for Drawbaugh, in whose 
record the material evidence appears. 


* Deposition of Prof. Gray, Dowd Case. 
Int. 49. Will you state how the knowledge which you got late in 
1875 of the so-called lovers’ telegraph aided in the production of the 
invention of a speaking telephone such as is described and repre- 
sented in your caveat, filed February 14, 1876 ? 

Ans. The fact that all the vibrations, however complex or 
different in form, that are produced in uttering any given word or 
sound were transmitted longitudinally through a fine thread sus- 
pended from the centre of a diaphragm capable of responding to all 
the aerial vibrations made by the uttering of a word or sound, and 
connected to a similar diaphragm at the other end of the thread, 
which might be from one to two hundred feet in length, proved to 
my mind that all the conditions necessary for the transmission of an 
articulate word were contained in any single vibrating point capable 
of responding, as before stated. I saw that if I could reproduce 
electrically the same motions that were made mechanically at the 
centre of the diaphragm by speaking upon it, such electrical vibra- 
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1876. He does not rely on anything in the first patent 
as pointing out any “ means” or apparatus—as 1s re- 
quired by the law to sustain a method claim. 
Western Electric Manufacturing Co. vs. The 
Ansonia Brass and Copper Co., 114 U.S., 
447 (452). 
O'Reilly vs. Morse, 15 How., 62 (118, 119). 


The method of “ transmitting,” ete., was given to the 
world in express association with one, and only one, ap- 
paratus. That apparatus is Fig. 7. Figure 7 1s inca- 
pable of application as an alternate or substitute for 
the liquid, or any other variable resistance transmitter. 
Fig. 7, or its equivalents cannot, therefore, be relied 
upon to satisfy the requirement of the law, that a pat- 
ent for a process must contain a description of some 
apparatus by which the process can be applied with 
beneficial result. ' 

Tilehman vs. Proctor, 102 U.$., 729. 


The contention of the complainants begins with a 
confounding of patented methods, and results in mo- 
nopolizing a law of nature; on the ground that by 
either of two processes,—one of which the inventor in- 


tions would be reproduced upon a common receiver in the same 
manner that musical tones were; and from the fact that the elec- 
trical vibrations were the same in respect to rate, amplitude and 
form or complexity as the motions made ‘in the air by uttering 
words or sounds, it followed that the receiving diaphragm would 
be thrown into mechanical vibration or motion of a corresponding 
character, and consequently reproduce the same word or sound. 
The fact that the longitudinal movement (in water or other fluid 
of poor conducting quality) of a wire or some good conductor of 
electricity, with reference to another wire or metal conductor, pro- 
duced variations inthe resistance of an electric circuit propor- 
tional to the amplitude of movement'was old in the art at that time: 
so that the last link of knowledge necessary to solve the problem in 
my mind was furnished in the capabilities of the longitudinal 
vibrations of the string of the before-mentioned so-called lovers’ 
telegraph. 
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vented and pointed out an apparatus for, and the other 
of which he neither invented nor pointed out any ap- 
paratus for—this law of nature can be set in motion. 

The “method” of “ transmitting,” truly intended by 
the Patent Office, in the 5th claim, must be a method—- 
or the method—by which that apparatus can work ; and 
the apparatus intended, must be /7g. 7, or some equiv- 
alent by which that method can be worked. 


THIRD. 


The Scientific Basis of Telephony as an 
Art.__History of the Art. 


It is necessary in order to appreciate truly the 
bearing of the complainant’s patented claim upon the 
actual operations carried on by the defendants, to have 
in mind some general facts, theories, and laws governing 
or relating to acoustic, magnetic, and electric action. 


I. 
Acoustics. 


Acoustics is that branch of natural philosophy which 
treats of the physical nature of sound, and the laws of 
its origin, propagation, and effects. 

Sound may be considered as a physical, or as a phy- 
siological phenomenon. 

Considered in the physical sense, it is a particular 
vibratory motion in ordinary matter. 

Its existence implies that the body whence the sound 
proceeds has been thrown by some means into a state 
of agitation or tremor, which consists of a vibratory or 
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to and fro motion of the component particles of the 
sounding body. 

Considered in the physiological sense, sound is a 
sensation, which through and by means of mechanical 
action in the organ of hearing, becomes finally percep- 
tible in that portion of the brain where the capacity to 
receive such sensation resices. 

At that point—passing beyond the domain of material 
we may say that mechanical energy— beginning 


science 
in a condensation and rarefaction of air—passes into 
psychological effect, and becomes hope, fear, joy, 
sorrow, conviction, doubt— whatever else is’ the 
moral or intellectual result of certain spoken words, 
or other seunds. 

In order that the ear may be affected and the sensa- 
tion of tone evoked by any sounding body, it is neces- 
sary that there be interposed between that body and 
the ear, one or more intermediate bodies (J/edia) cap- 
able of molecular vibration; which shall receive such 
motions from the source of sound, and transmit them to 
the ear. 

The air around us forms the most important medium 
for the communication of sounds to our organs of 
hearing ; in fact were the air devoid of this property, 
we should practically be without the sense of hearing. 

All matter is in greater or less degree capable of 


taking up air vibrations resulting from sound, and 
transmitting them molecularly so that they may be 
perceived through the last medium by the ear. The 
approximate and specific cause of any vibration which 
the ear can recognize, 1s the condensation and rare- 
faction of the air lying against the tympanum. 
tegarding the point at which the air receives the 
impact of the movement of the vocal organs, as a 
point of explosion, we have, first, a condensation 
or crowding together of the infinitely minute particles 
composing the air; followed immediately by a rare- 
faction, which is the return of the air particles as 
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nearly as possible to their former relative positions. 
This return is due to their own automatic and 
elastic action. Having been crowded together more 
closely than is most natural and convenient, they 
seek to withdraw from each other and _ relieve 
their abnormal mutual pressure. ‘The two move- 
ments involved in this action constitute what is 
called an “ air vibration ;’ which is, the movement by 
an air particle (or a great number of air particles in suc- 
cession) forward to an extreme point—that is to say, until 
the motion is overcome by the resistance of the particles 
infront. At this juncture the particle commences to re- 
turn along its course ; and in due order all the other par- 
ticles of the mass to which it has communicated its mo- 
tion do the same. In the beginning and in the whole of its 
journey—in the case of simple tones—the particle 
moves by what is called pendular motion, that is to say, 
as a pendulum moves. A pendulum at rest hangs 
perpendicularly from a support. Let us suppose it to be 
displaced by the hand from that point of rest to a point 
in its are and then allowed to swing. It will swing with 
constantly increasing velocity until it reaches and 
passes its former point of rest, and will then begin to 
clinb to the opposite end of its are with constantly 
decreasing velocity of movement. At that place all 
power to move further forward (against the resistance 
of the natural laws which seize upon it and seek to 
hold it) ceases, and it returns ; beginning its return 
journey, at a minimum velocity which is constantly 
increased, until it again passes the middle of its 
course at a maximum velocity; goimg on with a 
diminishing velocity until it reaches the opposite end 
of its are; from which it again returns, continuing 
that course so long as the power which gives 
life to its motion is_ effective. Attributing 
this same movement to an _ at particle (the 
actuating cause of whose motion may be consid- 
ered to have ceased after one effort), we shall find the 
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air particle returning to the place whence it started ; 
arriving at that place with a maximum velocity ; passing 
it as a pendulum passes its point of rest; reaching 
another point which may be spoken of as the extreme 
point of backward movement, where it is by the same 
causes stopped and started on its return to its point of 
rest. 

This is sound in its physical character. 

When the sound comes to be appreciated physiologi- 
cully, the ear recognizes in it a variety of things. 

First, it recognizes pitch :—the sounds may be high 
or lowin any scale of sounds, such as the musical 
vamut. 

Second, the sounds may be loud or soft. 

Third, they may be the sounds of a musical instru- 
ment; of a bell ; of a human voice; of a human voice 
with varying or uniform tones ; of one word, or of an- 
other word. Thus, it may be “you,” “I,” “they,” 
“horse,” “cow,” or any one of an infinite variety of 
vocal utterances. 

These differences arise from differences in (1) the ex- 
tent, (2) the number, and (3) the character of vibrations 
made by the air particle in obedience to the sound- 

ducing cause ; that is, whether they be of pendular, 
. trregular form. 

he pitch of the sound will depend solely upon the 
number of vibrations which the air particle makes to 
and fro in a given time ; the unit of time ordinarily 
taken being one second. The pitch will not in any de- 
sree depend upon any other condition or circumstance, 
however different may be the sound-producing causes ; 
thus, whatever substance causes an air particle to vi- 
brate 256 times in a second will produce a tone, the 
pitch of which will be middle C, whether the sound- 
ing body be a piano, a violin, the human voice, or any 
other sonorous cause of vibration. The rate of vibra- 
tion, therefore, controls the pitch. 
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Lhe loudness or intensity of the sound will be deter- 
mined by the extent (called amplitude) of the vibration. 

Guality, or timbre, is the third effect by which the ear 
perceives the difference between different sounding 
bodies. This sensation is hypothetically imputed 
by physicists to the manner in which the com- 
pounded vibrations have been performed. ‘Thus 
the movement may have been strictly pendular, 
beginning at a minimum; passing by uniform in- 
crease to a maximum ; and thence by uniform decrease 


to a minimum ; then returning with the same propor- 
tionate degree of velocity, etc. Or, the journey of the 
air particle may have begun with an initial maximum 
velocity, as is the case with every sudden, explosive 
sound. It may have proceeded with that velocity for : 
short distance, and then have been restrained or held 
back; and afterwards moved forward with an accelera- 
ted velocity. It may have continued its journey with a 
constant direction forward, or it may have returned for 
a certain time and distance upon its course, and then 


taken up the forward journey again. In short, an infi- | 
according to the hy- 


nite variety of movement may 

pothesis—have taken place in the manner in which the 

air particle gets to and from its poimt of rest over a 

definite length of journey within a fixed time. | 
Helmholtz Sensations of Tone, second English edi- 

tion, by Alex. J. Ellis, London, 1885, p. 19, says: 


‘* On inquiring to what external physical difference in the waves 
‘ of sound the different qualities of tone correspond, we must re- 
‘member that the amplitude of the vibration determines the force 
‘or loudness, and the period of vibration, the pitch. Quality of 
‘* tone can, therefore, depend upon neither of these. The only pos- 
‘« sible hypothesis, therefore, is that the quality of tone should de- 
‘* pend upon the manner in which the motion is performed within 


‘¢ the period of each single vibration.” 


Upon this hypothesis rests, therefore, the assumption 


at present universally made and accepted in the scien- | 
tific world, for purposas of scientific reasoning, that the 
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quality or timbre of sound, or that which enables dis- 
tinction between different sound-producing causes, to 
be recognized by the ear, arises from, is dependent 


upon, and truly represents, certain assumed or postu- 
lated eccentricities of conduct by the air particle while 
engaged in performing a certain number of journeys, of 
a certain length, within a certain time. Upon this 
Mr. Bell forms a similar hypothesis as to electrical 
action, and draws a conclusion that the electrical cur- 
rent undulates. 

And this conclusion—built up, hypothesis upon 
hypothesis—he has patented. 
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When more than one simultaneous tone or sound 
acts upon an air particle it produces a compromise in 
the vibration.This is called a resultant vibration, and 
is the algebraical equivalent of all the others. Mathe- P 
maticians represent it as well as the movement of the 
vibrations which compose it, by curves.* 


Reis curves of three and four tones sounded simultaneously—and the 


combination or resultant curve in each case. 


* A sound wave is a certain definite succession of air particle 
movements, propagated from one particle to another, and so on. 
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lor greater accuracy and fullness on this subject, 


we may refer to the evidence of complainant’s expert, 
Prof. Cross (Mol. Ree., p. 97 e¢ seq.): 


The nature and cause of quality in sound, and the 


means by which it produces an effect upon the sensa- 


tory capacity of man being understood in a similar 


manner by all those who accept the wave theory of mo- 


tion ; it seems to be material now to consider When these 


iteas hat their origin. Or, more specifically, whether 


they had developed so as to be a part of the common 


knowledge of scientific men prior to 1861,when Philipp 


Reis published his first article expounding these sub- 


jects, and explaining his apparatus for the transmission 


of sound. 


Some signs of effort appear throughout the testimony 


of Prof. Cross, and in the arguments of counsel for 


the complainant in some of the cases in the Circuit, 
to date this knowledge from the vear 1863, when the 
famous book of Helmholtz above cited was published ; 


and from that fact to interpret the writings of Philipp 


To determine the extent of any particular series of air particle 
vibrations which go to constitute one wave, is to determine its 
\ length. To do this, we first determine the rapidity of vibration of 
( the sounding body. Thus, imagine a tuning fork vibrating in free 
air 384 times in a second. At the end of a second from the time it 
| commenced its vibrations, the foremost wave would have reached a 

4 distance of 1,120 feet in air of a temperature of 15°C; that is, the 
sound would have been heard at that distance. In this distance, 
therefore, are embraced 384 sonorous waves. Dividing 1,120 by 
| . 384 we find the length of each wave to be about three feet. The 
waves generated by a man’s voice in common conversation are from 
eight to twelve feet : those of a woman’s voice are from two to four 
feet in length. In air of a definite density and elasticity a certain 

length of wave always corresponds to the same pitch. 


Tyndail on Sounds, D. Appleton & Co., 1884, pp. 96, 
97, 98. 
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teis upon an assumption that he was in 1861, ignorant 


of quality in sound. 


That this is not a correct supposition will appear 


from the following : 


II. 


History of “Quality” as a Concept of 


Science. 


The famous Thomas Young in “ Young’s Lectures on 
Natural Plilosophy,” published 1807, Vol. 1, p. 388, 
Says : 


‘*Such is the delicacy of the organs of hearing in the perfect 
‘* state, that we readily distinguish not only the frequency of the 
‘* vibrations of a sound, whether constant or variable, and its loud- 
‘* ness or softness, but also the quality of tone, depending on the law 
‘ which governs each separate vibration, and which constitutes the differ- 
‘* ence between instruments of different kinds, or different instruments 
‘of the same kind, or even the same instrument differently em- 
‘* ployed.” 

P. 401: **‘ Musical instruments * * * have a peculiar character of 
‘tone * * * since their secondary harmonies are in different 
‘* proportions.” 

P. 402: ‘* Of simple wind instruments, in which the quality of the 
‘* soundisdetermined by the vibrations of the air, the principal are the 
‘* syrinx, the flute, the flageolet, the diapason organ pipe, whether 
‘‘ open, stopped, or with a chimney, the humming top, and the 
‘‘ cavity of the mouth in whistling, or in playing on the jews- 
‘* harp. 

Vol. 2, p. 84: ‘* But there appears to be little or no difference in 
‘‘ the simple sounds excited in various manners, this variety aris- 
‘‘ing principally from a combination of secondary sounds. The 
‘* form of curve, &c. * * * ” : 

Upon page 546 of the same volume the term “ /orm 
of the harmonic curve,” occurs three times. 

Vol. 2, Lbid., p. 550, in speaking of the office of the 
various parts of the organs of speech, Young says that 
they 


‘* Variously affect the laws of the motion of the air in each 


oy) 


‘‘ vibration ; or, according to Euler’s expression, the equation of 
‘the curve conceived to correspond with this motion, and thus 
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produce the various characters of the vowels and semi-vowels.” 
Vol. 2, p. 565: ‘* Thus the harshness and disagreeable quality of 
f . ‘a single sound may also upon a more nice examination be some- 
‘times found to consist in a want of harmonious proportion in 
‘* those secondary notes which generally enter into its composition. 
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‘ This quality of sound, sometimes called its tone, register, colour 
‘or timbre, might be considered as a fourth component part of 
‘* music; it depends on the law by which the parts of the sounding 
‘ body, and the particles of the air are governed with respect to the 
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‘velocity of their progress and egress in each vibration 
‘all this relates to the quality of sound. * * *” 


© 


Pierce’s Natural Philosophy, James Monroe & Co., 


boston, 1856: 


(Pp. 65, 66, Vol. 2.) *‘ In musical sounds there are three princi- 
pal points of distinction—the pitch, intensity and the quality. Of 
these the intensity depends upon the violence of the impulses, the 
quality on the law irhich regulates the excursions of the molecules 


if of air originally set in motion.” 

. (P. 76.) *‘ Any number of the different modes of vibration of 
which a cord is susceptible may be going on simultaneously, or may 
be, as it were, superposed on each other.”’ 

(P. 77.) ‘* The ordinates of the curve into which the cord at any 
moment forms itself in virtue of the compound vibration will be 
the same (algebraically understood) of the ordinates it wouid have 
in virtue of each simple one separately.” 

(P. 78.) ‘*The production of harmonic sounds on cords and 
their division into aliquot parts was first noticed by Wallis in 
1673.” 

(P. 97.) ‘‘If the stream of air be increased in strength the pipe 
will yield the octave and harmonics of the fundamental note, form- 

| ing the series 1, 2, 3, 4, ete.” 
4s In “Silliman’s Principles of Physics,’ edition of 
1866 (entered for copyright 1860), p. 267, we find these 
Y v ideas clearly stated as foilows: 


‘* Quality is that peculiarity in sound which allows us to dis- 
‘‘ tinguish between sounds of the same pitch and the same intensity. 
‘* Thus the sound produced by the flute and clarionet are at once 
‘‘ distinguishable. The quality of the sound of instruments appears 
‘* to depend not only on the nature of the sonorous body and the 
‘* surrounding bodies set in vibration by it, but also on the form 
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‘and material of the instrument; and probably also on the form of 
‘* curve or vibration.” | 


In ‘“ Dictionary of Science, Literature and Art,” by 
Brande & Cauvin, London, 1852, it is said : 


‘ The quality of sound (the timbre of the French authors) is less 
easily explained. It probably depends on the greater or less ab- 
‘‘ ruptness of the impulses, or of the changes of velocity and density > 
‘‘ of the strata of air between the two extremities of the wave. 
‘* In 1843 there appeared in Poggendorff’s Annalen (Bd. 59, s. 
‘© 513) a memoir under the title of ‘ Ueber die Definition des Tons 
‘und die Theorie der Siren und Aehnlicher tonbildender Vorrich- 
‘tungen.’ The acoustic propositions which this paper maintains 


© 
+. 


- 
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‘on this memoir can be briefly stated in the following laws: 

‘‘ Our ear experiences the sensation of a single simple tone from 
‘those vibrations only, in which the particles of air move in a 
‘ direction perpendicular to the drum of the ear, to and fro, déhe a 
‘* nendulum, with a simple harmonic motion. 

‘*The ear resolves every other kind of motion into a serves of 
‘pendular vibrations, corresponding to which it perceives simul- 


© 


‘ taneously a series of tones. . 
‘* Every sonorous body emits, besides the deepest, strongest, 
‘* the fundamental, tone, higher tones or over-tones, whose _ vibra- ~- 


° 


‘tion numbers are twice, three times, &c., as great as that of the 
fundamental. Klang is the united sounding of simple harmonic 


e 
¢ 


* tones. 

On these definitions of tone and Klang, were founded 
Helmholtz’s beautiful acoustic researches which are col- 
lected in his book called “ Sensations of Tone,” above 


— a 


quoted, originally published in Germany in 1863. 
In 1849 Helmholtz published in Poggendorff’s An- 
nalen, Bd. 108, a paper on the characteristics of the ! 


vowels in which he says : 


‘* A musical tone is produced by uniformly repeated periodic a 
. ‘* motion of the air in equal and sufficiently small intervals of time. 
‘- Within each vibration period the motion isa matter of indiffer- b 
‘“ ence, provided only that the same motion which occurred in the 
‘* first period is repeated in all following periods. 
‘If the air particles during each "single vibration move in ex- 
‘‘ actly the same way back and forth as the centre of gravity of a 
‘* pendulum with a very small vibration, we hear only a simple and 
single tone whose musical pitch is estimated by the number of 
similar periods which occur in a second. * * * T have in an 
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‘ earlier work on combination tones shown a method by means of 
which one can bring about simple pendular form vibrations 
of the air particles, or, if I may coin a term, simple air 
‘waves.” © 2° *% ' 

‘* But if the air motion during a vibration period does not obey 
the law of the pendulum but some other law, one will, on properly 
‘ directing the attention, as a rule, hear several tones, even when 
‘the motion of the air is brought about by a single sounding 
wey. © * * 

‘* In all cases where such an air motion is not actually evoked 
by different sounding bodies, it is only a mathematical fiction 
‘* that a number of simple pendular form vibrations of the air par- 
ticles exist side by side. 

* * * * * * * * * 
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‘‘T am now going to investigate the consequences of Ohm’s law 
Ss Ss Ss | 


-~ 


‘as respects the doctrine of character (Klangfarbe). * * * In 


c 


‘its physical aspect it has long been known that the different form 


- 


‘ of the air waves within each single vibration period corresponds 


© 


‘to what our ear distinguishes as character (Klangfarbe), or 
‘ quality.” 


It is believed that this is the first instance in any im- 
portant paper in which the term “form” was used in 
direct connection with the word “ vibration;” it hav- 
ing been chiefly used before in respect to the form of 
the graphical curve by which the action of the par- 
ticle was expressed. 

In “ Die Fortschritte der Physik, (p. 21 of the 
pamphlet entitled ‘“ Reis and Bourseul Publications,” 
submitted by complainants, with the records), Q., p. 
2090, the editor, in commenting upon the annual re- 
port of the Physical Society of Frankfort-on-the-Main, 
for 1860 and 1861, containing the article of Philipp 
Reis, entitled “ Telephony by means of the Electric 
Current,” says: 


‘* It was not possible thus far to reproduce spoken tones (Ton- 
‘‘ sprache des Menschen) with a distinctness satisfactory to all; the 
‘* consonants are for the most part distinctly reproduced, the 
‘* vowels not in the same degree. The author attempts to explain 
‘* this imperfect reproduction of the vowels by saying that the ap- 
‘* paratus reproduces the vibration to a certain extent indeed with 
‘* proportionate, but also reduced strength, and the ear can no 
‘* longer satisfactorily discern the relation of the proportionally 


ZEEE EERE OEE ES 


42 


‘great vibrations which determine the’ pitch (Tonhdhe) to 
‘the small vibrations on which vocal quality (vocal Farbe) de- 


‘* pends.”’ 


At p.19, Z4c/., it appears that on November 16, 1861, 
Mr. Ph. Reis read to the Physical Society of Frankfort 
a ‘Statement of a new theory about the perception of 
chords and the quality of sounds | Alang faurben|, as a 
continuation of and supplement to the lecture on the tele- 
phone.” 

While the preparation of this brief is going on, an 
English edition of the work of Urbanitzky, above cited, 
appears, containing what purports and is represented 
to be a lithographic fac simile of an original letter by 
Philipp Reis, under date of November 18, 1865, to F. 
J. Pisko, author of the ‘Die neueren Apparate der 
Akustik,’ Wien, 1886, in which he says: 

‘How is it that the tympanum of our ear can reproduce all 


tones with their quality (Klangfarbe), accords,” ete.? 


See App. No. 1. 


III. 


DIFFERENT VIBRATIONS AND THEIR 
CURVES. 


Simple Sounds. 


A simple sound is one which generates an alr-par- 
ticle motion of strictly pendular vibration. 


The following is a graphical representation of the vi- 


bration due to a simple sound: 


See evidence of Prof. C'POss Mol. [?., 9S, tor 
explanation. 


There are very few simple sounds in nature, and al 
most every (single) note of a musical instrument will 
be found to consist of several tones, which are called 
respectively “‘ fundamental tones,” and “overtones” or 
“ partial tones.” : 

These overtones are all higher in the scale than the 
fundamental tone, being related to it by certain degrees 
called “ harmonic.” 

Whenever a sound is composed of more than one 
tone, it begins to have quality. 

(The expression of that QUALITY is in the FORM. 
Thus the use of the word “ form” by Mr. Bell in his 
patent was proper and necessary in respect to the musi- 
the tuned reeds which he proposed to use in 


cal tone 
multiple telegraphy.) 

A fundamental sound and its harmonics—which 
taken singly, are each, simple sounds with a pendular 
vibration—by their intermixture constitute a complex 
sound, whose vibrations cease to be pendular, and take 
a form more or less complicated. Each of these com- 
pounded vibrations is composed, firstly, of one vibra- 
tion of the fundamental sound ; secondly, of two vi- 
brations of the octave ; thirdly, of three vibrations of 
the twelfth; fourthly, of four vibrations of the double 
octave, and so on. The general form of the curve 
which represents this compound vibration is determined 


t+ 


by the fundamental sound ; but the harmonies make its 
contour shrink and swell by //eir vibrations. In the 
curve shown below, the dotted line represents the curve 
of the fundamental sound, and the white line the curve 
resulting from the addition of the octave. Itis a curve 
of this species which characterizes the timbre or quality 
of a compound sound; it changes form according to 
the relative intensity of the harmonics ; but the num- 
ber of the great curves or periods is) always the same, 
nna tor this reason the pitch of the mixed sound 1s that 


of the fundamental note. 


Radaws “ Wonders of Acoustics.” Charles 
Seribner’s SOnS. ISSO. }). 7. 


The dotted line shows the curve of the fundamental 
alone. and the solid line the combination, or resultant 


curve of the fundamental and octave, sounding together. 


IV. 
Compound Tones. 


When several fundamental tones with them related 
harmonies are simultaneously sounded, we have what 1s 
called a “chord” in music. The increased complexity 
resulting from such simultaneously sounding tones 


makes the quality of the compound sound more 
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marked than the quality of any simple fundamental tone ; 
requires at higher degree of capacity in the ear to 
separate the sounds or to realize their harmonious 
relations ; and if the question be of transmitting the 
sound by any mechanical substitute for the ai, demands 
from the mechanuisin (f higher degree of capacity, hut 
still only a difference in degree. 

Spencer Case, pages LO6-114; Dowd Case, pp. 51 
104: Dolbear Case. pp. 19 S89: Moleeular Case. pp. 
91-105; Clay Telephone Case, pp. 116-126. 

The following plate of curves known is Mayer's Har- 


monte Curves 


represent at « 4 the separate curves of six simple 
sound waves, being the sound waves of a funda 
mental and its overtones. The motion which an 
air particle will actually take up under these differ- 
Ing influences 1s represented by What is called the 


“resultant curve.” shown in the same plate ate ¢/. 


The resultant curves of several musical notes sounded 
at the same time are exhibited at pp. 1412-15 and ex- 
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plained at p. 565, Mol. R., and the single curves and 
resultant curves of three different notes sounded at the 
same time are shown by Philipp Reis in the drawings 
accompanying his paper on “'lelephony by Means. of 
the Galvanic’Current,” at page 762, Mol. R., O., p. 2046. 
The broad lines at the bottom of Reis’s diagram—egc, 
ceg, gee, &c.—show the resultant, or compromise curve. 


Vv. 
Articulate Speech. 


The most complex and variable of all sounds is that 
of articulate speech. 

Articulate speech is a combination of vowels and con- 
sonants following each other in a certain order or 
system prescribed by the law of language. We know 
that vowels are simple combinations of musical notes 
of certain pitch and strength for each vowel. We 
know that words are formed by producing vowel 
sounds with certain consonantal adjuncts which are 
subject to variation in tone by change of the position 
of the cavity of the mouth and the lips, which act as 
resonators, with the effect of enforcing certain over- 
tones and 1ouftling others. 

Speech consists in the first place of the emission of 
sounds having different characters—peculiar timbre—to 
wit, vowels. The second element of human speech 
consists of consonants, which are not persistent tones, 
but modes of beginning or finishing the vowel tones by 
a sort of explosion ; that is, by a movement of the air 
comprising at the most a very small number of vibra- 
tions, of different form from those of the vowels which 
they modify. Whena consonant begins a word, such 
explosion precedes the musical sound of the vowel and 
ceases as soon as the vowel sound has taken place, as 


45 


in ba, be, bi, ete. Or it terminates the vowel sound bya 
final motion of the lips asin ab, at, ar, etc. The conso- 
nants in no way depend upon or are affected by the 
pitch of the vowel sound which they introduce and ter- 
minate. The great variety in human voices, and even 
in the same voice in pronouncing the same word under 


different circumstances may demand from any mechan- 
ism contrived to transmit the effect of the voice a de- 
sree of development in mechanical capacity—beyond 
what will be requisite for the transmission of musi- 
cal notes with their less complex quality; but still, 
only a difference in degree. 

The method by which each kind of sound will be 
transmitted telegraphically, will be “ by causing elec- 
trical” variations, oscillations, or “ undulations, similar 
in form to the vibrations of the air accompanying the 
. sounds ” (Bell’s 5th Claim). 

The testimony of complainant’s expert, Prof. Cross, 
is clear on these points : 


‘* 47 x-Int. Do you understand that an apparatus whichis capable 
of transmitting sounds other than vocal sounds, notarticulate words, 
by causing electrical undulations similar in form to such sounds 
would embody the invention described in said fifth claim ?” 

* Anus. 5 po.” 

The American Bell Telephone Company vs. 
Spencer, p. 129; O., p. 3954. 


“45 x-Int. At that time was the art of transmitting musical 
tones, including vocal musical tones, by electricity known ? 

‘‘Ans. The art of transmitting the characteristic pitch of musical 
sound, including the pitch of a sound produced by the voice, was 
known. ‘The transmission of all the characteristics of any sound— 
its intensity, its pitch and its quality—was not known. 

‘* 46 x-Int. Don’t you, in your last answer as to what was not 
known, describe an art which, if known, would have been the art 
of transmitting articulate speech ? 

‘* Ans. The theoretical knowledge of the manner in which the 
one could be done would, I think, necessarily involve the theoreti- 
cal knowledge of the way in which the other could be done. The 
practical realization of an instrument which could transmit the 
three characteristics of pitch, intensity and quality of a musical 
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sound would not necessarily involve the practical realization of the 
transmission of articulate speech.” 


Complainants’ Evidence, Mol. R., p. 129. 


‘¢57 x-Int. Suppose a Reis transmitter of the form shown on 
page 10 or page 13 of said Prescott’s work” (being the form known 
as the Reis-Legat transmitter) ‘* is spoken into so softly as not to 
cause any actual separation of the electrodes, will not such trans- 
mitter act so as to vary the electric current so as to produce in such 
current an undulation corresponding in form to the sound spoken 
into such transmitter ? 

‘*A. When operated in the manner described, the transmitter 
figured on page 10 will do this. 

‘* 58 x-Int. In your opinion will the efficiency of the Reis trans- 
mitter vary with the kind of material which is used in the elec- 
trodes ? 

‘*A. For use as a Reis transmitter, the efficiency is. doubtless 
much influenced by the nature of the electrodes, which is well known 
to be the case in all circuit-breakers. 

‘*59 x-Int. Suppose a Reis transmitter of the form shown on 
page 10 of said Prescott’s work is spoken into so softly as not to 
‘ause any actual separation of the electrodes, will not the trans- 
mitter produce in the electric currents in the line wire a series of 
unduwations corresponding to the quality of the sounds spoken into 
such transmitter; [ use the term quality in the sense in which you 
have used it in speaking of the characteristics of sound vibration ? 

‘A. It will.” | 

The American Bell Telephone Company vs. 
Spencer, p. 131; O., pp. 8956-7. 


The curves due to certain articulate sound vibrations 
are shown by the well known “ Brown University Curve ” 


of Prof. Blake (Mol. R,pp. 102-5; O., pp. 129-130). 
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The citations above, and the references to Reis instru- 
ments, have been made at this place in advance of any 
description of those instruments, in order to sustain 
the general proposition, which is now made: 


hat any variable resistance instrument, 
in transmitting telegraphically a simple 
sound composed of a fundamental and its 
overtones—or, simultaneous musical tones 
with their respective overtones — will 
NECESSARILY operate by the same pro- 
cess or method as the same or another 
instrument, when transmitting telegraphi- 
cally the higher complexities of human 
speech. This method will necessarily be 
that which has been patented by Mr. Bell 
under the terms “by causing electrical 


1 


undulations similar in form to the vibra- 
tions of the air accompanying the * * * 
sounds ”—whether the hypothesis expressed 
and patented in those terms be correct or 
not. Between these different uses, and the 
operations required to accomplish each, 
will be found NO NEW LAW; AND NO 
NEW ART; but, only, DEGREES OF ME- 
CHANICAL adaptation or development in 
apparatus.* 


In considering hereafter the state of knowledge of 
Charles Bourseul and Philipp Reis, it must be assumed 
that they were acquainted with the scientific 
facts published to the world at the date of their respec- 
tive writings; and that they each knew especially that 
quality in sounds is caused by the manner in which 
vibrations of a fixed amplitude and rate, are executed. 


Imputing to them such knowledge, we may take 
our next step towards the evolution of the telephone, by 
the consideration of (1) a few known facts concerning 
magnetism and electricity and the exhibition of vibra- 
tions to the eye, by the plates of Chladni (or mem- 
branes) (see Tyndall on Sound, pp. 169-172); (2) the 
published words of Reis and Bourseul; and the me- 


chanical attempt of Reis to realize a practical tele- 


phone. These will show them to have possessed know]- 
edge that the transmission or reproduction of any 


* In the N. J. McDonough case (read in this case by stipulation) 
all the differences between the Reis and the best modern micro- 
phone transmitter were collated in a question to Prof. Cross, and 
he was asked if he found any of these differences in the Bell patent. 
He answered : 

‘‘ A. [find no specific reference to any one of them.” He added— 
afterwards withdrawing it, though not on any ground affecting the cor- 


rectness of the statement—‘* I wish to observe, however pthat these dife 
ferences in themselves are mechanical in their natures fares . Y Ve } 
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sound, simple or compound, 2n or through any of the 
media to which nature has given capacity to transmit 
sound vibrations, must be by means of vibrations sim- 
ilar in amplitude, rate and form to the vibrations 
immediately accompanying the sound: and this, too, 
whether the vibrations be to and fro motions of 
matter, or plus (+) and minus (—) changes in the 
strength of an electric current: and whether the energy 
of the air waves themselves is the actuating cause 
(thus in asense propagating itself), or is imitated by 
some other mechanical action. 

The knowledge of this law is claimed to have been 
given to the world by Mr. Bell; and that erroneous 
idea is the sole foundation for the broad patent claim 
under which the rest of the world has heretofore been 
all the principles and 


excluded from practicing an art 
conditions of which were known and published to the 
world before the year 1864, and the complete commer- 
cial realization of which, awaited only a good mechanic 
to make a suitable apparatus and a Boston syndicate to 
give it a favorable introduction to the world. 


VI. 
Magnetism. 


Magnetism need be no further defined than to say 
that it is a state or condition of certain bodies in which 
they have the power to attract or repel other bodies. 

The state of magnetization may be permanent or 
temporary. 

According to the most approved views, magnetization 
is nothing more than a determined position of all the 
molecular magnets composing the body. 

A piece of iron is said to be in an unmagnetized con- 
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dition when the molecules assume various or mixed 


clirections. 


A variety of substances are subject to be put in a 
state of magnetization. Of these it is necessary in this 
ase to refer only to metals contained in the machines 


or apparatus used in telephony. 


Steel possesses the property of retaining a magnetic 


charge permanently, when once it has been charged. 


Annealed iron loses its magnetism upon the with- 


drawal of the magnetizing influence. 


Magnetism has circulation somewhat analogous to 


that of the electric current. 


The magnetism of a permanent magnet has _ polarity, 
/. e., direction of its circulation according to the direc- 
tion of the influenee originally creating it. This 


polarity is therefore fixed. 


An electro-magnet, 7. ¢., soft iron bar temporarily 
magnetized by the presence of an electric current—has 
a polarity, according as the electric current may be in 
one or the other direction. This polarity is, therefore, 
variable. Magnetism cannot be insulated, but will pass 
through non-conductors of electricity, and exert its 


influence on a body capable of magnetic induction. 


The magnetic influence is exerted at the extremities 


of the magnetized bar. | 
These extremities are termed the poles, and for the 


sake of distinction, are termed north and south respec- 


tively. 

The magnetic influence given out from the poles is in 
the direction of lines radiating in every direction. 

The space within which these lines radiate is tech- 
nically termed the magnetic field. 

The magnetism within this field is termed free mag- 
netism in contradistinction to that retained within the 
magnet. An inducing or inductive body is any metal 
capable of becoming magnetic, or in other words, which 
has the power of being attracted by a magnet, such 
as iron, steel, etc. An inducing body brought within 
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« magnetic field will become magnetic, absorbing more 
or less of the free magnetism according as it may have 
capacity. 

The magnetic lines will focus on such inducing body, 
and are thereby diverted from their normal position 
towards that part of the fiedd entered by the inducing 
body. 

The diverted force will resume its normal position 
when the disturbing body is withdrawn. 

This movement of the force is termed for easy refer- 
ence a disturbance. 

Magnetism and electricity are intercontrovertible ; 
that is to say, magnetism will generate electricity and 
electricity will generate magnetism. 


VII. 
Electricity. 


No definition of electricity will be attempted here. It 
is known only by the phenomena attending its produc- 
tion andemployment. It is believed that all which can 
be truthfully said in a general way is said by Prof. 
Cross, in his deposition in the case of the Speaking 
Telephone Interferences (Patent Office), Vol. 3, pp. 
103-111, that 


‘* We have every reason to suppose that sound, radiant heat (so 
‘‘ called), and light are phenomena of wave motion. Regarding the 
‘nature of electricity we are less certain.” 


And 


Cross-Int. 49, ‘* Are these modes of motion always the same in the 
‘* instances of electricity and sound ? 

‘‘ Ans. In the case of sound, the motion is always a wave motion. 
‘* As to electricity, I do not know.” 


Our remarks upon electricity, therefore, will be 
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limited to brief references to the manner of producing 
certain effects which are attributed to it. 

Two modes only, of generating electricity need be 
referred to. 

First. Electricity is generated by chemical action, 
of a conductor or an inductive body, such as a metallic 
diaphragm in a magnetic. field; such as the action of 
acid upon zine. 

Second. Electricity is also generated by the motion 
of inductive bodies in presence of magnets or conduc- 
tors. 

The first is called voltaic and the second is called 
magneto-electricity. ° 

Voltaic electricity is made available by uniting the 
two poles of a cell with a conducting wire of any 
length. , 

Magneto-electricity may be made available by coiling 
the conducting wire in a great number of convolutions 
within the magnetic field, usually around one end of 
the magnet, so as to be in position to receive the 
electrical influence effected by the disturbance of the 
magnetism of the magnet. 

The polarity of a voltaic current remains constant 
but is determined by the particular element—in the 
battery—with which the conducting wire is connected. 

The polarity of a magnetic current is constant only 
so long as the inductive body may be approaching or 
receding from the pole of the magnet ;1t 1s in one di- 
rection on the approach and in the opposite on the 
recession. 

The current from a voltaic battery of a given power 
will have its strength affected by the resistance of the 
circuit in which it is circulating. If that resistance is 
increased, the current will be weakened ; if it is dimin- 
ished it will be strengthened. Variable resistance is 
saused by changing the length or the cross-section of 


2 conductor. 
A variable resistance transmitter is one in which the 
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change in resistance is produced by the change in 
cross-section, under the varying pressure resulting from 
sound waves. 

Voltaic electricity may be converted into induced 
electricity through the medium of an induction coil. 

An induction coil is an electro-magnet with an addi- 
tional coil of insulated wire wound upon the first coil 
(as usually made), but in no metallic connection with 
it. The first is termed the primary, and the second the 
secondary coil.* 

All interruptions, whether total or partial, of the 
voltaic current in the primary coil, induce currents of 
corresponding variation in the secondary coil, and these 
are increased by the magnetization and demagnetization 
of the iron core. 

When the iron core of an induction coil is being 
magnetized the current induced in the secondary coil 
is in one direction, as when an inductive body ap- 


* Electric induction was discovered by Faraday in 1831, in the 
following manner: Along copper wire was wound around a wooden 
cylinder, and between the turns of this wire, and insulated from 
them, a second wire was wound in the same manner. The ends of 
the first wire were connected with the poles of a powerful battery : 
the ends of the second wire were connected with the galvanometer. 
Whenever the current was sent through or interrupted in the first 
or primary wire, a current was also generated in the second or sec- 
ondary wire, and was indicated by the deflection of the galvanic 
needle. The induced current which was generated by making or 
breaking contact in the primary circuit was sent through a coil 
wound round some steel needles, and it was found that the steel 
needles became magnetized: the position of their poles depending 
upon which of the induced currents was sent through the coil. 
These experiments proved that the induced currents are generated 
in a conductor forming a closed circuit when a current passing 
through a neighboring conductor is made or broken or has its 
strength altered; and that the directions of the currents induced on 
making or breaking contact are opposite to each other. 

Induced currents are produced when a conductor through which 
a current flows is brought near to, or taken away from a second 
conductor forming a closed circuit. 
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proaches the pole of the magnet. When itis being 
discharged of its magnetism the current induced in the 
secondary coil is in the opposite direction, as when an 
inducing body recedes from the pole of the magnet. 
Thus a voltaic current of constant polarity but of variable 
strength, gives rise to an induced electric current 
of alternating polarity; the strength of this electric 
current thus generated being proportional to the varia- 
tion of the voltaic current. 

Thus, we see that in 1854-1864, the state of knowl- 
edge in acoustics, electricity and magnetism included 


certain fundamental laws. 


In Acoustics. 


1. That sounds are propagated by vibrations of 
matter. 

2. That the loudness of any sound is determined by 
the amplitude of the vibration, or the distance 
through which the air particle moves to and fro. 

3. That the pitch of a sound is determined by the 
number; of times in which an air particle wil] 
traverse this amplitude in a given time. 

4. That simple sounds give simple periodic and reg- 
ular vibrations. 

5. That all sounds are compound whose vibrations 
are the result of simultaneous action of several 
simple tones, whether resulting from one or from 
a number of sounding bodies. 

6. That ‘‘ quality ” pertains to, and is predicable of, 
all compound sounds—of which articulate speech 
is one class; and that the air particle in obeying 
the impulses of the compound sound-producing 
causes, no longer makes the motion due to any 
one of them, but another motion which is a 
compromise upon, and the algebraic sum of all 

and perhaps conflicti1 g impulses. 


their varying 
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7. That quality is expressed and represented by \ 
something in the manner in which the vibration is 

different from the amplitude and rate, but 
included within the amplitude. 

8. That air vibrations can be taken up and repro- 
duced by a plate or diaphragm. 


made 


In Electricity and Magnetism. 


As will appear by the references to the writings 
of Bourseul and Reis now to be cited, it was 
also known before 1864, and substantially pub- 
lished to the world : | 

9. That, plate or membrane vibrations, derived from 
air vibrations, can be made to produce in a con- 
ductor, electrical changes corresponding to the air 
vibrations : | 

10. That by the use of an electro-magnet and a 
second plate, the electrical vibration can pro- ’ 
duce another air vibration in another place cor- 
responding to that which accompanied the orig- 
inal sound: or in other words, that vocal and other 
sounds can be transmitted ‘“ telegraphically, by 
causing electrical undulations similar in form to the 
vibrations of the air accompanying the * * * 

sounds ” (Bell’s 5th Claim). 
11. That apparatus capable to perform this work 

was devised, publicly used, and _ descriptions 

thereof—sufficient in law to establish an anticipa- 

tion—were made, prior to the year 1874, when ~ 

Bell claims to have conceived the idea of his mag- 

neto telephone. 

With these observations upon the state of knowledge 
and the arts before 1861, we may next give attention to— 

f 
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FOURTH. 


First Conception of the Art of Transmit- 
ting Speech by Electricity. 


The first published conception of any plan by which 
speech might be transmitted over an electric conductor 
and reproduced, occurs in “ L’Illustration Journal Uni- 
versel,” Paris, 1854, in the form of a communication by 
Charles Bourseul (Reis and Bourseul Publications, page 
2), O., p. 1853, in which, after brief reference to the 
principles of electric telegraphy ; the function of the 
electro-magnet in it; its achievements in the creation of 


audible signals, etc., he says: 


‘* It would seem impossible to go beyond this in the region of 
‘‘the marvellous. Let us try, * * * Ihave asked myself, for 
‘example, if the spoken word itself could not be transmitted by 
‘* electricity ; in a word, if what was spoken in Vienna may not be 
‘heard in Paris? The thing is practicable in this way: 

‘* We know that sounds are made by vibrations, and are made 
‘ sensible to the ear by the same vibrations which are reproduced 
‘* by the intervening medium. But the intensity of the vibration 
‘ diminishes very rapidiy with the distance, so that even with the 
‘* aid of speaking tubes, trumpets, it is impossible to exceed nar- 
‘row limits. Suppose a man speaks near a moving disk, suffi- 
‘ciently flexible to lose none” (or, as we might say, nothing) ‘‘ of 
‘ the vibrations of the voice; that this disk alternately makes and 
‘ breaks the connection with a battery; you may have at a dis- 
‘tance another disk, which will simultaneously execute the same 
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‘ vibrations. 

‘* Tt is true that the intensity of the sounds produced will be 
‘* variable at the point of departure at which the disk vibrates by 
‘‘ means of the voice, and constant at the point of arrival, where it 
‘‘ vibrates by means of electricity ; but it has been shown that this 
‘* does not change the sounds. It is, moreover, evident that the 
‘* sounds will be reproduced at the same pitch. 

‘* The present state of acoustic science does not permit us to de- 
‘* clare a priori if this will be precisely the case with syllables ut- 
“ tered by the human voice. The mode in which these syllables 
‘ are produced has not yet been sufficiently investigated. It istrue 
‘* that we know that some are uttered by the teeth, others by the 


~ 
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‘lips, etc. * * * 
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‘* However this may be, observe that the syllables can only repro - 
‘duce upon the sense of hearing the vibrations of the tntervening 
‘* medium. Reproduce precisely these vibrations, and you will re- 
‘* produce precisely {hese syllables. * * * I have made some 
‘experiments in this direction. They are delicate and demand 
‘‘ time and patience; but the approximations obtained promise a 
‘* favorable result.” 


In this paper—unpreceded by publication in any 
scientific or other work, or by any discovery or sug- 
vestion, so far as the records of this case or the re- 
searches of numerous students disclose—Charles 
Bourseul suggested not only an apparatus applicable 
for the conveyance of sounds, but a principle of oper- 
ation which constitutes a necessary condition of the 
telegraphic transmission of speech. This condition 
may be stated in two forms: /irst (in his own lan- 
guage), “the syllables can only reproduce upon the 
sense of hearing the vibrations of the intervening 
medium ;’ In other words: the vibrations which the 
intervening medium brings to the organ of hearing 
must have been so controlled by the spoken 
syllable .as to be made correspondent to its vibrations, 
else the syllable will have failed in its designed 
effect ; and, Second, (in the words of Bell’s Fifth Claim); 
‘“ causing electrical undulations, similar in form to the 
vibrations of the air accompanying the said * * * 


sounds.” Both investigators had in view a common 
generic object, which was the reproduction, by means 
of the electric current of the vibrations which cause the 
sensation of sound. 

The following is an ideal suggestion of Bourseul’s 
plan, without working parts : 
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Lhe art of reproducing in any manner (1) vocal sounds, 
(2) other sounds, is ONE “ art.” 

Bourseul had expressly in view the reproduction of 
such specific sounds as constituted articulate speech ; 
and, considering all the difficulties, he declared as a 
controlling condition, that spoken syllables whether 
uttered under such conditions as to reach the organ of 
hearing through the air as a sole medium ; or through 
the air, a movable disk, an electrical conductor and 
another disk,—as connnected and successive media,— 
could have their due and desired effect, only when 
the vibrations of the entire intervening media were 
substantially like the vibrations accompanying the 


spoken syllable. 

The subject under discussion was, the doing this 
with an electric current and wire. That a transmuta- 
tion of mechanical into electrical forms of action and 
back again would happen, was, therefore, a funda- 
mental condition of every argument and statement. 

That it would not be a transmutation, but a substi- 
tution, 1f anything was changed, went without the 
saying. ‘ ' 

The capacity of the electric telegraph with all its 
known means and applhances was to be extended. The 
combination before his imagination included the idea 
of air vibrations which were (1) to move a movable 
disk, whose movements were (2) to actuate an electrical 
apparatus so as to set up electrical vibrations or change 
of some sort, which were in turn to be (3) the cause of 


mechanical motions in another movable disk, which 
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last motions were to be (4) the cause of aerial vi- 


brations reaching to some listening ear. f 


In respect to all this operation only one absolute 
condition is suggested, which is that unless the oper- 
ation can be so conducted as to lose none of the vibra- 


tions of the voice anywhere on the journey the attempt 
will be unsuccessful. 4 


In other words, it was recognized and announced 
as a LAW, that the syllables could not produce their 
effect unless their vibrations were reproduced through- 


out all the intervening media 


including, of course, the 


electrical conductor and current! 
The suggestion attracted attention ; and the manner 


in which it ‘was understood by intelligent, popular 
writers is shown in an article published in ‘ Didas- | 


kalia” (a magazine for intelligence, etc., Frankfort, a. 
M.), on the 28th of September, 1854 (Reis and Bour- 


seul publications, p. 5) O., p. 1857. In this article it 
is said—speaking of the laws governing the proposed 


operation— 


‘* This magnet, the electro-magnet, can thus alternately attract 
or let go a movable plate. * * * 


* 


* 


* * * * * * 


‘‘ Could there now be invented a metallic plate which should beso 


‘¢ movable and pliable that it reproduces ail the vibrations of tones 


‘* (like the ar), and should this plate be so connected with an elec- | 
‘ tric current that it should alternately make and break the electric 
‘‘ current according to the air vibrations by which it was affected, 
‘it would thereby be possible also to arrange electrically a second 


‘ similarly constructed metal plate,so that it repeated simultane_ 
‘‘ ously exactly the 
‘ would then be exactly the same as if one had spoken in the im- 
mediate vicinity against this second plate, or the ear would be 
‘ affected precisely as if it received the tones directly through the 
‘ first metallic wall.” 


° 
. 


same vibrations as the first plate, and it 


We learn from a work of DuMoncel’s (Expose des 
Applications de l’Electricite, Paris, 1856) that that 


compiler and electrician had been at one time unwill- 
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ing to give a place in his book on telegraphy to what 
he calls a “fantastic conception’’* of a certain Mr. 


Ch. B. * * * who believes that we may yet be 


able to transmit speech by electricity. + 

In the criticisms, and the praise (not unnaturally quali- 
fied under the circumstances) which this writer is 
finally constrained to give to what he regarded as a 
‘fantastic conception,’ we find him declaring that 


* Count DuMoncel seems compelled, however, by the publication 
in other journals of this most brilliant and reasonable ‘‘ fantastic 
conception ” to notice it, and adds: 

‘*But I ought to be true to the task which I have undertaken, 
‘(*# * * and, therefore, I will here give the information which 
‘* the author has published up to this time on the subject.” 

Subsequently, in 1877, DuMoncel appears to have said: 

‘* However this may be, the fact cannot be concealed that it is 
‘* Mr. Bell who is the inventor of the telephone, for there is a whole 
‘* world between a first idea and its definite realization. It is simply 
‘* because Mr. Bell has made the intensity of the current which 
‘* transmits the vibrations of the voice to correspond to the latter in 
‘* their amplitude and their changes that the problem has been 
‘* solved.” 

In a later edition of his book in 1879, again confessing that when 
Bourseul’s article was first published he regarded it as a ‘‘ fanciful 
dream,” adding : 

‘‘Events justified this daring idea, and although it did not in- 
‘* clude the only principle which could lead to the reproduction of 
‘‘ articulate sounds, yet it was the germ of the fertile invention 

‘which has made the names of Graham Bell and Elisha Gray 
‘* famous.” 

Later, in the same article, DuMoncel appears to quote from some 
writing or speech of Bourseul as follows: 

‘* Reproduce at one end of the line the vibrations of air caused 
‘‘at the other, and speech will be transmitted, however complex 
‘* the mechanism may be by which it is affected.” 

+ A similar skepticism in science resulted in the denial to Reis of 
the privilege of having his first paper (read before the Physical So- 
ciety of Frankfort in 1851) published in the great scientific record 
known as Poggendorff’s Annalen; a failure to which the sympa- 
thizing friends of Reis impute much of the discouragement which 
fell upon him; and which, added to his want of resources, and ill- 
health, seemed to have imp:2ded the full realization of his ambitious 
project (see Appendix 1, p. 583). 
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nevertheless Mr. Bell “is the inventor of the te/ephone;’ 
and that the “fantastic conception” did not “include 
the only principle which could lead to the reproduction 
of articulate sounds.” 

The question whether Mr. Bell invented “THE tele- 
phone” will not be contested in this case upon the au- 
thority of anything said by Bourseul; but the state- 
ment that Bourseul’s idea “ did not include the only 
principle which could lead to the reproduction of articu- 
late sounds will be seriously disputed. Upon that point 
the testimony of DuMoncel would have been more 
raluable had it been submitted to cross-examination. 


We have to deal in this case chiefy WITH A CLAIM TO 
THE DISCOVERY OF A PROCESS, a vital part of which—as 
it has been interpreted by its friends and by the Courts, 
in the judgments appealed from—is (1) the creation by 
the energy of air waves, of electrical undulations simi- 
lar in form to the vibrations accompanying a sound ; 
(2) the use of such undulations in the telegraphic trans- 
mission of sounds. 

These principles—as applicable to the transmission of 
sounds in general, and of the sounds of articulate 
speech specially—are, in a complete philosophical form, 
contained in the words of Bourseul, written in view of 
an ideal apparatus containing a battery, an electro- 


magnet, movable disks and a line wire—and after con- 


sidering them this Court aust determine their bearing 


upon a present hroad claim for those principles or pro- 


cesses 


as a newly-discovered art, 


We are not saying that the apparatus suggested by 
Bourseul would have been an operative telephone, or 
that Bell’s apparatus can be anticipated by any mere 
suggestion of another. Our argument has not yet 
advanced to the consideration of the telephone at a 
concrete apparatus. We are dealing with the first 


conception of @ principle; its statement as a problem 
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whose solution was to be—a machine; and the sub- 
sequent grant of a broad patent for a machine ;—and 


along with it, THE OLD PRINCIPLE! ! 


The object in dealing with it im this manner 
at this time is to prepare the way for the irre- 
sistible conclusion, which, as it appears to us, must 
follow from any fair-minded contemplation of all the 
facts in the history of this art, that the important and 
controlling feature of the Bell patent of 18761s a claim 
to this problem, and to its solution, whenever, however, 
and by whomever it may be solved. We repeat, there- 
fore, that Bourseul conceived and stated that the suc- 
cessful transmission of speech requires that the vibra- 
tions which primarily accompany the pronunciation of 
the syllables, shall be continued throughout “ the in- 
tervening media.” | 

When the medium under consideration is in part an 
electrical conductor, this statement contains an implied 
term that the electrical action, whatever its nature or 
name in science, is to correspond faithfully to the air 
vibrations by which it is produced, and which it is in 
turn to reproduce ; and this is a scientific fact, or LAW 
OF NATURE. 

This correspondence can be no further or more com- 
pletely described than by saying that it is to be such, 
that the aerial and electrical impulses, movements, 
changes, perturbations, vicissitudes, transformations, 
whatever they now are, or in the developing terminology 
of science may hereafter be called, shall be representable 
mathematically by the same curves : and that the elee- 
trical actions shall be capable to prove their identity 
by reproducing the forms of aerial energy: in which 
they had their origin. The suggestion by Bourseul 
that the current was to be made and broken is of no 
importance. It is an expression in advance of ex- 
periment, of a tentative judgment as to what kind of 
mechanical manipulation would produce those “ electri- 


faa ne 


66 


eal undulations similar in form to air vibrations, &c.,”’ 
which similarity in form by the /aw of his conception 
must be a condition precedent to the telegraphic 
transmission and reproduction of vocal or other 
sounds. 

If he had devised an apparatus incapable to operate 
except by make and break, then the scope of his philosophi- 
cal idea must have been limited by the purposely — 
limited functions of his device. He might in making an 
apparatus to execute his intellectual conception of a pro- 
cess, have failed or succeeded. This—still assuming the 
theory of electrical action supported by the complain- 
ants—would have depended upon whether he meant by 
amake and break connection with the battery, a com- 
plete severance, or an incomplete and varied interrup- 
tion. If he contemplated a complete severance, and 
had failed, he might or might not have realized 
practically that that was the cause of the failure. Upon 
his ingenuity as a deviser of expedients, or his skill as 
a workman, and not upon his conception of the principle 
or problem as a man of science would have depended 
his capacity to remedy his failure. His words show 
him to have been too well grounded in the 
knowledge of acoustical science, and of the general 
philosophy of physics; too acute, discriminating 
and judicious in his manner of looking at the 
operations of nature, ever to have been led to doubt or 
qualify his first fundamental and perfectly accurate con- 
ception that the sensations of sound, and specifically of 
speech, will be reproduced at any distance, if through- 
out all the intervening media the actions and opera- 
tions in each field are made to correspond to certain 
air vibrations of which they are to be progeny 
and progenitor. 

There are different ways of stating this condition 
without at all varying its meaning. Didaskalia says 
the current is to be made and broken “ according to the 
air vibrations,” Bell says the current is to be made 
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into « form “ similar to the air vibration ;” which form 
requires that it should be broken whenever by the law 
of acoustics the motion of the air particle ceases. 

(This last, as we can easily see, happens in every 
word at the end of a syllable. Every word consisting 
of more than one vowel sound has its periods of silence, 
due to the temporary cessation of air particle movement ; 
without which cessation the sound would be continu- 
ous). 

The telephone of to-day could not be better de- 
scribed than—in the terms of Bourseul—ves an instru- 
ment by means of which spoken syllables can reproduce, 
through correspondent vibrations of various intervening 
media, « distant effect upon the sense of hearing, eg uiva- 
lent to themselves. — 

We have, therefore, in this publication, a statement 
ofa LAW OF NATURE; compliance with which is 
indispensably requisite to the accomplishment of a 
certain result ; and which law, when set in motion by 
accident or design, will, past all power of man to contro] 
it, produce its effect. 

The right to avail of this law has been patented by 
Mr. Bell. 


And thus we see the first step in the evolution of 
discovery of the new art of sound transmission, intelli- 
sently completed. 


If, however, Charles Bourseul left anything to be 
desired by way of exposition of the process which 
nature supplies and imposes, that lack was supplied 
by a greater than he. 


FIFTH. 
Philipp Reis. 


First Realization of the Transmission of 
Speech and other Sounds. 


The “ Didaskalia” article upon Bourseul, already’ 
quoted, was published in Frankfort in 1854, at which 
time itis understood Philipp Reis was a resident of that 
city or neighborhood, being at that time but 20 years 
old. In Reis’ own account of himself we find no reference 
to this publication or indication that he had read it. 
Whether he ever read it or not, it is certain that he had 
several years before its publication entered upon the 
course of study and experiments afterwards described 
by him, with the purpose of transmitting articulate 
speech. These experiments consisted in an effort to 
create sounds artificially, as was at one time done by 
Helmholtz through the use of vibrating reeds; or as 
had been done by the well-known automatic. speaker 
of Faber. 

In now considering the instruments devised by Phil- 
ipp Reis, including the so-called Reis-Legat instru- 
ment, (which, if not devised by him, was devised by 
Legat upon the principles declared and expressed by 
him,) we shall find benefit in looking at the problem 
historically, from the standpoint of young Reis himself, 
when, being between seventeen and eighteen years of 
age he undertook the study of the recondite subject 
of the production and transmission of vocal and other 
sounds by artificial means. 

At this early age (in 1851) he set before himself this 


question : 


‘* How could a single instrument reproduce the combined effect 
of all the organs occupied in human speech ?” 
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The question took this form naturally, and be- 
cause, no doubt, of the influence of a period then clos- 
ing, during which the science of practical mechanics 
had achieved some wonderful results—which led those 
practicing it to believe there was no limit to the power 
of art to imitate the powers of nature. 

The famous automaton speaking man of Faber fur- 
nished something with which to mislead the imagination 
of a young philosopher. Various more or less success- 
ful attempts had been made to build automaton figures 
which should perform the functions of men and ani- 
mals. The wonders of the last century, were Vaucanson’s 
duck, which fed and digested its food ; the flute player 
of the same artist, which moved all its fingers and 
looked at them as they moved; the writing boy of the 
older, and the piano-forte player of the younger Droz 
who, after finishing his piece, rose and bowed courte- 
ously to the audience. All these were mechanical tri- 
umphs of art at the close of one epoch and the begin- 
ning of another, in the history of philosophy. 

Helmholtz’s Interaction of Natural Forces, 
contained in Vol. entitled ‘‘ Correlation and 
Conservation of Forces,” D. Appleton & 
Co., L885. 


Not unnaturally young Reis attacked the problem of 
reproducing and transmitting speech from that side, 
by attempting to make something which would speak ,; 
and therefore he asked : 

‘How indeed could a single instrument reproduce 
the combined effect of all the organs occupied in human 
speech ?” ” 

The strength of his intellectual development and the 
power and clearness of his reasoning is indicated by 
the fact that finally in 1861 he was able to repeat to 
himself the question in another form : 

“How is our ear affected by the totality of vibra- 
tions produced by the organs of speech all simultane- 


ously active ?” 


10 


This form of the question implied not an instrument 
which should speck, but one which should listen ! 

The one conception implied an extension of the 
speaking power until it should reach the listener; the 
other implied an extension of the hearing power until it 
should reach th speaker ! 

He was at the time a teacher of physics at the 
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Garnier Institute, a school for boys, at Friedrichsdorf.. 
The few words from his pen which remain to science 
and history give evidence of an acute mind, a profound 
knowledge of physics, an upright, unimpassioned and 
truly scientific spirit, and, in a certain degree a lack of 
practical qualification to deal with mechanical diffic- 
ulties, the overcoming of which by Edison, Blake and 
others (not Bell) constitute the second step in the de- 
velopment of the commercial speaking telephone of to- 
day. The first step required a clear conception of a 
general principle of plilosophy which had at that \ 
time taken full possession of the.scientific mind of the 
world, to wit: Jat ull forces of nature act and exist 
mnder certain L408 of correlation wh ich ASSIUL7N1€, 
that. ChErGY iS Lied structible, and that its forms CL7'¢ 


capuble of ynryubual CONVEVSION. 


‘* Towards the close of the last century the human mind reached 
‘the great principle of the indestructibility of matter. What the 
‘intellectual activity of ages had failed to establish by all the re- 
“sources of reasoning and philosophy was accomplished by the 
‘invention of a mechanical implement, the balance of Lavoisier. 
‘‘ When nature was tested in the chemist’s scale-pan, it was first 
‘found that never an atom is created or destroyed ; that though 
‘* matter changes form with protean facility, traversing a thousand 
cycles of change, vanishing and reappearing incessantly, yet it 
‘‘ never wears out or lapses into nothing.” 

Correlation and Conservation of Forces, D. 
Appleton & Co., 1885, introduction, p. ii. 


‘The present age has demonstrated that the same great prin- 
ciple applies also to forces, and established a new philosophy con- 
cerning their nature and relation. Among the specific conditions 
or elements arising from this principle was this special one that 
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‘mechanical motion, which is a motion of masses, may be trans- 
‘ formed into heat or electricity, which was held to be a motion of 
‘the atoms of matter, while by a reversed process the motions and 
‘atoms, that is, heat or electricity, may be turned back again into 


é. 
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‘mechanical motion. * * * 

‘¢ These mutations are found to be rigidly subject to the laws of 
‘¢ quantity. A given amount of one force was then known to pro- 
duce a definite quantity of another, so that power or energy, like 


. 
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matter, can neither be created nor destroyed ; though ever chang- 
‘ing form, its total quantity in the universe remains constant and 
‘unalterable. That every manifestation of force must have come 
‘from a pre-existing equivalent force, and must give rise to a sub- 


° 


‘sequent and equal amount of some other force.” 
Lhid., pp. X11., X11. 


The equivalency of these forces and the law of 
quantity implies that where the originating force is var- 
iable, the resulting force will be, in a degree precise- 
ly equivalent—variable. This knowledge must be as- 
sumed to have rested in the mind of Philipp Reis, as an 
intelligent, instructed and observing physicist and ex- 
perimenter. These relations of the modes of energy 
were, at the time, currentiy known by the phrase 
‘Correlation of Forces,” but which Herbert Spencer 
prefers to call ‘* Persistence of Forces.” 


‘* Their discussion formed a living element in the scientific litera- 
‘* ture while they occupied the thoughts and guided the investigations 
‘* of philosuphical inquiries ” (//id., p. xiv.) 


As already shown, in physical acoustics sound is 
vibratory motion of ordinary matter. It was a funda- 
mental conclusion among physicists that ‘ wherever 
continuing phenomena are rendered evident in fo dif- 
ferent points of space at different times, there is mo- 
tion, though we cannot see the progression.” A similar 
deduction convinced them of the motion or some 
equivalent of motion, in electricity. 

See /hid., ‘ Correlation of Physical Forces,” 
by W. R. Grove; title, Motion, p. 26. 


When, therefore, Philipp Reis conceived the idea of 
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controlling a current of electricity by the vibrations of 
a1 membrane actuated by the air vibrations of sounds, 
the conception involved as a necessary corrollary, that 
the vibrations in the electric current would be—and if 
the sound was reproduced must be—similar in their 
variance to the changing motion in the air vibrations. 

Another more particular, but still fundamental 
doctrine of philosophy at the time was, that where 
motion in one sphere of action or phase of existence 
(such as the mechanical motion of matter), produced a 
definite result, which result it is desired to continue 
through another mode of action, or other condition of 
existence (as for instance, electricity) ; that result can 
be attained only by a practical preservation, at the 
points of junction of the two forces, of all the con- 
ditions and characteristics of movement which mark 
the originating force. This general knowledge lay 
at the basis of Bourseul’s first conception of a tele- 
phone acting by the united and correlated ele- 
ments of air and electricity. Specifically, it was 
that the ‘acoustical effect of sound upon the 
sense of hearing, when produced through interven- 
ing media, must preserve throughout those media 
an action strictly equivalent to the action resulting di- 
rectly from the sound itself. This we shall find was 
well known as a general philosophical principle by 
Philipp Reis; and in his writings, now to be referred to, 
we shall find evidence of his comprehension that in the 
mechanical and electrical operations to be employed, 
this principle must be respected and availed of. He 
Says : 

‘* The extraordinary results in the field of telegraphy have prob- 
‘‘ ably often raised the question, If it might not be possible to trans- 


‘“mit musical tones* themselves (Tonsprache) to a distance? 
‘‘ (Reis and Bourseul publications, p. 11, e¢ seg.; O., p. 1863, et seq). 


* See Tonsprache translated in the record of the Spencer case, p. 182, as 
*“ Speech.” See also the testimony of Mr. bjerregaard, (Mol. R., p. 673. O. p. 1070.) 
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‘*A reproduction of tones (Tonen) at certain distances by means 


‘‘ of a galvanic current has probably been thought of. * * * 


‘‘To a person having only a superficial knowledge of physics, 
‘¢ the problem presents far less difficulties, simply because the most 
‘‘of them are unperceived. About nine years ago (1851) I also 
‘¢ (having extraordinary enthusiasm for what was new, and an in- 
‘* sufficient knowledge of physics) had the boldness to attempt the 
‘“‘sohation. * * * 

‘* Later, after further study and experience, I came to see that 
‘(my first experiment had been a very rough and by no means con- 
‘‘ clusive one. * * * 

‘¢ Youthful impressions, however, are strong, and therefore not 
‘easily effaced. I could not get rid of the thought, * * * and 
‘‘ thus half unwillingly this project of my youth was reviewed in 
‘‘ hours of leisure. The difficulties and the means for overcoming 
‘¢ them were weighed, but for the present at least no experiment 
‘* was made. 

‘‘How indeed could a single instrument reproduce the combined 
‘‘ effect of all the organs occupied in human speech? This was 
‘always the cardinral question ; finally I got the notion of putting 
‘¢ the question in another way : 

‘* Toi ts OUR EAR affected by the totality of vibrations produced by 
‘* the organs of speech all simultaneously active? or more generally— 

‘‘ Tow are we affected by the vibrations of several simultaneously 
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sounding bodies 


In this question he had resolved the chief difficulty 
which lay in the way of the later achievements. When 
he realized that the successful transmission of speech was 
to be accomplished only by imitating the /earing, rather 
than the speching functions of man, he had accomplished 
much. His reasoning upon the functions of the ear go 
far also to refute the notion that he intended his ap- 
paratus—which was to simulate the ear—should, unlike 
the organs of hearing, be broken and disrupted in its op- 
eration. Not knowing at the time what precise influence 
might be due to the exterior parts of the ear in the 
complete act of receiving the sensation of sound, his 
first instrument was carved in the form of the auricle, or 
outer ear, and its inner mechanism imitated the articu- 
lations, interaction and unbroken connection of the 
little bones of the ear, through which mechanical mo- 
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tion is communicated from the membrana tympani to 
the fluid of the interior ear; through it to the lit- 
tle nerves which lead up to the greater auditory nerve ; 
and to the ultimate connections with that portion of 
the brain in which such sensations are perceived. ‘The 
form of this first attempt at a telephone will be found 
in Appendix No. 1 (see testimony of Prof. Van der 
Weyde, Mol. R., p. 288). 

In respect to the sensation of tone, the term “ loud- 
ness” had been given, in the literature | of 
science, to describe a _ certain comparative effect. 


’ 


To another sensation the term “pitch” had been 
given. ‘To another sensation, which distinguished the 
source of the sound, the term “quality” had been 
given. To the action of the air particle in producing 
the sensation of loudness, the term ‘‘ amplitude ” had 
been given—being exactly and precisely descriptive of 
what was requisite to be done to produce this sensation. 
To the sensation of pitch the term “rate” had been 
given. To the sensation of quality the term “ form ” 
is now given, but at that time it was not in much 


use. The term “form,” as indicating that charac- _ 


teristic of a vibration which produces the effect of 
quality, appears first, long after the existence of quality 
and the facts or acts which constitute it were known. 
Some term was required to express what was then 
amplitude” appears 
to have been in somewhat common use, awaiting that 


ce 


known of quality, and the term 


development of a more accurate, discriminating termin- 
ology which always grows up with increased experience 
of the thing itself. Having a knowledge of these laws, 
but being restricted by the terminology in common use, 
Philipp Reis proceeds to describe what “must happen in 
order that we may perceive a single tone” (Reis and 
Bourseul Publications, p. 12); O., p. 1864. 


‘* Without our ear,” as he informs us, ‘‘ any tone is nothing else 
‘‘ than a recurrent condensation and rarefaction of some body re- 
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‘‘ peated at least seven or eight times in a second. If this occurs 
‘‘ in the same medium in which we are, the membrane of the ear is 
‘‘ at each condensation forced toward the middle ear, to be moved 
‘‘ at the subsequent rarefaction in the opposite direction. These 
‘* vibrations produce a synchronous raising and falling of the ham- 
‘“mer uponthe anvil * * * anda similar number of tremors in 
‘* the fluid of the cochlea in which the filaments of the auditory 
‘* nerve are distributed. The greater the condensation of the sound- 
‘* conducting medium at any given moment, the greater is the 
‘‘ amplitude of the vibration of the membrane and hammer, and 
‘* consequently the more powerful the blow upon the anvil, and the 
‘‘ vibration of the nerves by means of the fluid. 

‘* The office of our organ of hearing is, therefore, to transmit 
‘\ with certainty up to the auditory nerve, every condensation and 
‘* rarefaction occurring in the surrounding medium, but the office of 
‘‘ the auditory nerve is to bring to our consciousness the vibrations 
‘* of matter which have occurred in a given time, both as regards 
‘* number and amplitude. Here for the first time certain combina- 
‘* tions receive a name; here certain vibrations are tones or 
‘* noises.” 


In speaking of “certain combinations ” the idea of 
form of motion—which was known to result from 
the making of sounds in combination—must be consid- 
ered as expressed in the term ‘‘ amplitude.” As it was 
known to all, that wave length did not produce quality, 
—when the term amplitude is used in connection not 
lone with the loudness of sounds, but with the combi- 
nation of sounds, it is the same as to say, ‘‘ the quality” 
of the combined sound. /¢ 7s manifest that all changes 
now signified by the present term “form” are intended 
to be included in the use of the term ‘ amplitude.”* 

‘* Before this time I had perfectly satisfied myself that the true 
and only method for the telegraphic transmission of vocal sounds 
involved as its fundamental element an apparatus which should 
transmit amplitude or intensity as well as pitch—for ‘ quality,’ or 
timbre, or articulation, were ultimately resolvable into these tivo 
characteristics of vibration, &c., to be transmitted.” (Deposition 
of Park Benjamin, Mol. R., p. 2158, quoting from Prof. Bell’s 
affidavit in complainant’s moving papers, Drawbaugh Ca.) 


* Prof. Bell’s affidavit : 


Prof. Cross’ Deposition, New Jersey McDonough Case: 


‘* Cross-Int. 111. Now, is it not a fact that the quality of all 
sounds whatsoever, whether noises or musical sounds, articulate 
sounds or inarticulate, is dependent upon the intensity and pitch 
of the various partial tones which respectively compose them ? 
Or, in other words, upon the amplitude and rate of the air vibra- 
tions that produce such respective partial tones ? 


’*e 


Ans. It is. 


I have pointed out in my previous answers certain 


facts as to the so-called non-musical elements of quality, merely be- 


cause I have sometimes known erroneous conceptions to be formed 
from overlooking them.” (McDonough Rec., p. 162). 


‘* Cross-Int. 4382. 


‘Ans. The quality of a sound depends upon the number, 


* oK * 


oudness, and relative pitch of 
the pitch and loudness of each partial tone can be accurately re- 
produced, the quality of the original sound can be reproduced.” 
(McDonough Rec., p. 240). 

‘* Cross- Int. 214. What do you understand him (Reis) to mean 
by the statement, ‘Our ear can, under no circumstances, appreciate 


the different partial tones. If 


more than can be represented by these curves’ ? 


** 


Ans. 


teis knew that all the 


characteristics of sound are due 


to differences in the condensations and rarefactions of the air con- 


veying the sound waves, and, since these differences can all be 


represented graphically, he saw and stated, as in your quotation, 


that it was possible thus to represent all of the variations which 


affected the ear.’ 


5 


(lbid, p. 186.) 


‘*Cross-Int. 217. The passage which I quoted in Cross-Int. 213 
follows immediately after the diagram to which I have referred. 
The language preceding the diagram is as follows, the italics being 


mine : 
‘* The office of the auditory nerve is to bring to our conscious- 
ness the vibrations of matter which have occurred in a given time, 


both as regards number and amplitude. 


tain 
CLONES 


combinations 


OY NOISES. 


Here, for the first time, cer- 


receive a name; here, certain vibrations are 


‘* What our auditory nerve perceives, is then, simply the effect 


of a force coming within the range of consciousness, and this force 


can be represented both as to duration and magnitude gvraphically by 


a curve. 
‘* Let a) represent any given time, and the curve above the line 
the curve below the line rarefaction (—), then 


condensation (+), 


any ordinate raised from the end of any abscissa will represent the 
degree of condensation, at the time represented by its base, in con- 
sequence of which the drum of the ear vibrates.” (//d, p. 187.) 

‘* Then follows the diagram referred to, which is immediately 


succeeded by the words previously quoted, as follows: ‘‘ Our ear 


eid 
ae 


(7 


can, under no circumstances, appreciate more than can be repre- 
sented by these curves, and this, indeed, is entirely sufficient to 
give us a clear perception of any tone, or any combination of tones. 

‘* Taking this passage as a whole, do you not think that it was 
Reis’ idea that all those air vibrations which produce the sensation of 
sound are resolvable ultimately into the two elements or characteristics 
of number or rate and amplitude or force; and that these two char- 
acteristics of the air vibrations could be represented graphically by 
curves, and that the human ear is capable under no circumstances 
of appreciating more than these two characteristics of sound vibra- 
tions ?” 

‘* Ans. As I have said already, I doubt whether Reis distinctly 
formulated the matter to himself in this manner; but, perhaps, lam 
led to this view more by what he does not say than by what he does 
say, aS well as by the state of acoustics at that time. Still, I think 
that considering simply what Reis says in those portions of his lec- 
ture which you quote, the view taken in your question is a fair one. 

‘* Cross-Int. 218. In fact, the curve in the first diagram of 
Reis’ lecture represents only the two characteristics of sound—pitch 
and loudness ? 

‘‘ Ans. On the contrary, 7¢ represents quality as well, though Reis 
makes no allusion to this. 

‘* Cross-Int. 220. Referring now to this.first diagram of Reis’ lec- 
ture, What element in it represents loudness ? 

‘* Ans. The maximum ordinate. 

‘* Cross-Int. 221. And what represents pitch ? 

‘* Ans. The distance between the two successive crests of the 
curve, or the distance from @ to the second point to the right at 
which the sinuous line intersects the straight line a 4. 

‘* Cross-Int. 222. And what you have called ‘ quality’ is repre- 
sented by what in that curve? | 

‘*Ans. By the form of the curve ; that is, by the sinuous line it- 
self as a whole. 

‘*Cross-Int. 224. Does not what you denominate‘ the form of the 
curve’ depend upon the wmplitude of the vibration at each success- 
ive instant of the entire time occupied by the vibration which the . 
curve represents ? | 

‘* Ans. The form of the particular curve constructed as explained 
by Reis shows simply the variation in density of the sound wave 
from point to point along its length. The mode in which the dens- 
ity varies, of course, depends upon the way in which the particle 
varies its speed from instant to instant, and hence in one sense de- 
pends upon the variation in distance, from instant to instant, of the 
vibrating air particle from its position of rest which I understood to 
be the sense in which you use the term ‘ amplitude.’ Technically, 
however, the term ‘ amplitude’ isapplied only to denote the extreme 
length of the path of the vibrating particle.” 


2 


That Reis is dealing primarily with the notion of 
form in the movement of the air particle or the result- 
ing quality or timbre in the sensation produced on the 


air, is evident from a consideration of the context. He 


Says: 


‘‘ What our auditory nerve perceives is, then, simply the effect 
‘of a force coming within the range of consciousness, and this 
‘force can be represented both as to duration and magnitude 
‘‘ graphically by a curve.” 


Having then drawn a curve in which what appears 
above the line represents condensation, and what ap- 
pears below the line, rarefaction, he adds: 


‘Our ear can, wnder no circumstances, appreciate more than 
‘‘can be represented by these curves, and this, indeed, is entirely 
‘* sufficient to give us a clear perception of any tone (Ton) or any 
‘* combination of tones.” 

‘¢ If several tones are produced at the same time, the conducting 
‘medium is subjected to the influence of several simultaneous 
‘* forces, and the two following laws will hold good. If the forces 
‘* act all in the same direction, the amplitude is proportional to the 
‘‘sum of the forces; if the forces act in opposite directions, the 
‘‘ amplitudes are proportional to the difference of the opposing 
‘‘ forces ” (Reis & Bourseul Publications, pp. 13-14). O. pp. 1865-6. 


The circumstances—and the only conceivable circum- 
stances—under which the forces attending speech act 
upon an air particle in opposite directions, is when a 
form is by some of the tones impressed upon the mo- 
tion, which retards, accelerates, or otherwise modifies 
the motion which the fundamental tone seeks to im- 
press. Thus, in a spoken word or sentence, each open 
or vowel sound will have a fundamental tone, which, if 
left to itself, would impose upon the air particle a defi- 
nite rate and amplitude of motion. The overtones of this 
fundamental, consisting of a great variety, caused or in- 
fluenced by the mouth cavities, will have the effect to im- 
pose upon the tendency imparted by the fundamental, new 
and sometimes opposing motions. That is what is meant 
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by “several simultaneous forces acting” in opposite ai- 
rections ; in which case “ the amplitudes are proportional 
to the difference of the opposing forces.” It is mani- 
fest that this does not result in compromising what 
would otherwise be the extreme length of the wave, and 


fixing for it a less length—as merchants accept. fifty 


cents on the dollar when they cannot collect par. The 
amplitude of whatever tone in the combination is loud- 
est must necessarily be retained, or the sense of hearing © 
would perceive some different degree of loudness. 
The state or condition of things in which “ the ampli- 
tudes are proportional,” is one in which the amplitude, 
that is, the whole journey, has been interrupted and 
varied by a variety of shorter excursions, backward or 
forward (requisite for the sensation of quality), but 
without increasing the entire time for the entire journey 
(requisite to give the sensation of pitch) or diminishing 
the length (requisite for the sensation of loudness). If 
Reis were writing at the present day, he would, to ex- 


¢ 


press the same idea, probably not say “ amplitudes,” 
but “amplitude and form.” | 

When we come to consider the curves shown by 
Reis to illustrate his meaning (p. 36), we perceive that he 
is discussing forms of the resultant vibrations and their 
total effect; or, as he calls it, “their totality of vibra- 


? 


tions” upon the ear. Speaking of the combination 
curve determined mathematically from a summation of 
the curves of the three simple tones, he says, “ this 
represents exactly what our ear perceives of the three 
simultaneous tones.” 

Summing up all, Reis adds : 


‘* As soon, then, as it is possible to produce, anywhere and tn 
‘“ any manner, vibrations whose curves shall be the same as those 
‘‘ of any given tone or combination of tones, we shall receive, the 
‘‘ same impression as that tone or combination of tones would have 
‘* produced on us’”’ (Reis and Bourseul Publications, p. 14; O., p. 
1866). 


SO 


The words “ and in any manner” are to be consid- 
ered with reference to the subject of the lecture as ex- 
pressed in the title; and to the extension of his remarks 
in the very next sentence to an electrical instrument ; by 
which, in the number of “‘ manners,” is to be included the 
“ electrical manner.” The apparatus over which the op- 
eration is to take place and throughout the extent of 
which the ‘above principles as a foundation” are ap- 
plicable, is a line wire charged with electricity from a 
battery, connected with the transmitter and receiver 
shown. 

In front of the transmitting member of this apparatus, 
“tones or combinations of tones” are to be produced. 
With what may be taken as an introductory suggestion 
concerning the use of the thing, the inventor proceeds 
to state what has been persistently claimed to be 
au responsible direction or requirement—to disregard 
which is to be in danger of the pains and 
penalties resulting from an infringement of Mr. 
Bell’s patent. Although the simple existence of 
such an instrument for such a purpose imphes a 
paramount direction that in speaking to the trans- 
mitter we must clo so reasonably, and in whatever man- 
ner is proven by experience the best, to make the trans- 
mitter transmit and enable the receiver to receive: stil] 
the complainants insist that we shall speak to it in such 
a way as will (according to their evidence) prevent it 

From perform ing the function for which ct was created. 
They say we must speak so loudly, as to compel the con- 
tact points in the transmitter to separate sufficiently to 


break the current ; although that will always (they say) 


prevent speech. This demand is justified by them, be- 
cause the inventor (in a manifestly speculative way 


as 
we Insist), Says: 


‘‘ At the first condensation the hammer-like wire d is pushed 
‘‘ back; at the rarefaction it cannot follow the retreating mem- 
‘* brane, and the current traversing the strips remains broken, un- 
‘‘ til the membrane forced by a new condensation again presses 
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‘* the strip against d. In this way each sound wave causes a break- 
‘‘ ing and closing of the current” (Reis and Bourseul Publications, 
p. 16; Q., p. 1871). 


It is to be observed, prst, that this is not a di- 
rection to speak so that the hammer-like wire cannot 
follow the retreating membrane—7zn order to break 
the current. It is apparently an expression of the 
inventor’s judgment as to what in fact happens when 
speech is delivered in a reasonable manner, with the wish 
to make it heard. We are not told that he applied any 
tests to arrive at this opinion ; and it is evident that he 
was expressing an inference as to a part of the subject 
which he did not intend to treat specifically and which it 
is even now, very difficult to be sure about. The only real 
direction is to speak to the transmitter, and /zsten at the 
receiver. Ifany further direction is to be implied, it is 
to speak in such a way as experience and good judg- 
ment may show is most favorable to insure success in 


the transmission. 

It is to be observed, secondly, that Reis is describing 
the form of instrument commonly known as the “‘ Bored 
block,” (Reis and Bourseul Publications, p. 15; Q., p. 
1870), which was laid upon its side when used, so that 
sravity produced little or no effect as an adjuster of 
relations between the so-called hammer-like piece and 
the strip. 

Moreover, it is of no practical or legal consequence that 
Reis was mistaken in his theory of the operation of his 
apparatus. It is sufficient that he gave such descrip- 
tion thereof as would enable one skilled in the art to 
accomplish the result pointed out—that of transmitting 
spcech. 

Treadwell vs. Parrott, 3 Fish. P. C., 124. 
Hamilton vs. Ives, 6 Fish. P. C., 244 (253), 
S. C., 92 U.S., 426. 


The principles of Reis’ invention are to be deduced 
from all writings and instruments, founded thereon 
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duly published. The gravity instrument, and the Reis- 
Legat instrument, in which a spring and screw are pro- 
vided to keep the contact points in contact and prevent 
any injurious break, are those most essential to be con- 
sidered.* 


*The general principle of Reis’ discovery will be found well 
stated by Prof. Brackett, Prof. Young, Mr. Van der Weyde and 
others. An illustrative quotation from the evidence of Prof. Henry 
Morton will suffice at this place : 

‘71 x-Int. Now, you have volunteered to swear that Reis taught 
us all we know of the operation of the telephone, since which time 
you have admitted that we know that the strength of the current 
varies during the transmission of speech, and that the variation 
bears some relation to the variation in the vibrations of the air pro- 
ducing the speech. Will you now point out to the Court where Reis 
describes these two facts as incident to the transmission of speech 
or asthe means whereby speech could be transmitted ? 

‘* A. Inthe first place, I have not asserted that Reis taught us all 
that we know about the action of the telephone. What I did assert 
was that Reis taught us [involving, of course, what we knew al- 
ready as supplemented by his instruction], that to transmit speech, 
as well as musical sounds, all that was necessary was to reproduce 
at the receiving station air waves substantially similar to those de- 
veloped at the transmitting station. And, moreover, not only did 
he tell us that this theoretically could be done, but he demonstrated 
by actually doing it that it was done. I also stated that Reis did not 
attempt to explain the conditions of the electric current in the wire. 
As to the fact, which I not only admit, but freely state, that the 
electrical condition of the wire is brought about by the air motion 
and must of necessity have some relation to it, [do not think that 
it was necessary for Reis or anybody else to make such a statement 
as that. When he told us what he did, and when he had shown us 
what he did, this followed as a matter of necessary deduction which 
required no invention, discovery or anything else to develop. It 
was simply the statement that causes and effects must have some 
relation and mutual dependence. In other words Reis told us: If 
you produce a sound undulation at one end of a given apparatus, 
you will get a similar sound undulation at the other end, the influ- 
ence being transmitted by an electric current. From this, as I say, 
it logically follows that the electric current which serves for this 
transmission must be modified by the sound waves at the one end, 
and must have itsstrength, power and the like, by whatever name 
you call it, changed in relation to the motion which causes modifi- 
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Having considered what Reis said, we may now turn 
to what he did. 


SIXTH. 


‘** With the above principles as a founda- 
tion, I have succeeded in constructing an 
apparatus with which I am enabled to re- 
produce the sounds of various instruments, 
and even to a certain degree the human 


voice.” 
Reis and Bourseul Publications, p. 15; O., p. 1870. 


‘* In the defendant’s instrument the transmission of speech is 
effected solely by the varying pressure of electrodes against each 
other, under the action of sound-waves falling upon a diaphragm, 
in the manner pointed out in the bell patent.” ‘*By virtue of the 


cations in it at the one end, and to the sound development which it 
causes at the other. 

‘¢ 72 x-Int. Then you mean to swear, do you, that the mode of 
transmission by maintaining an unbroken circuit between the trans- 
mitter and receiver, and by causing the strength of current on the 
line to vary in some ratio to the sound waves, was the obvious con- 
clusion from Reis’ description and apparatus, needing no invention 
to discover that mode of operation ? 

‘¢ A. I mean to say that anyone reading the description of Reis 
and constructing and using his apparatus so as to secure the results 
attained by Reis, would of necessity develop all that is involved in 
your question, that is, when he used the apparatus for the trans- 
mission of speech he would be using it without interruption of cir- 
cuit and with a current unbroken and continuous, which varied in 
some relation to the air waves in sound. I do not say that Reis in 
his description in any way points out or indicates the use of a con- 
tinuous current. His description seems to be confined to the em- 
ployment of his apparatus for the transmission of loud musical 
sounds, and he is silent as to the special conditions which would be 
involved in the use of the apparatus for the transmission of speech. 

‘¢73 x-Int. Won’t you answer the question, which isthis: Did 
it, in your opinion, require no invention or discovery to construct 
the closed circuit telephone and to develop the mode of operation 
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movement of the transmitting diaphragm, under the action of sound 

waves, the diaphragm of the receiver is influenced to copy those 

vibrations, * * * and the only distinction which can be pointed 

out is that the mode of varying the strength of the current is by 

varying the resistance * * * instead of varying the electro-motive 

force. The energy which does the work is the same in each case.” 
Argument of Chauncey Smith, Esq., in the Molecular 

Case, at the Circuit, pp. 36-38. 


Referring to Bell’s patent, Mr. Dickerson said that 
it is 


‘‘a broad patent for a new art founded upon a new discovery, 
and that it includes and covers all telephones in which the electric 
current is moulded into the form of speech by the power of the human 
voice, Whether the undulatory current, which is to be so moulded, is 
venerated by the magneto device or by the variable resistance device.” 
Argument of E. N. Dickerson, Esq., in the Molecular 
Case, at the Circuit, p. 1. 


‘*The undulatory current and the broken current are all old 


therein contained, in view of the fact that Reis’ apparatus and Reis” 
description were known to the public ? 

‘‘A. To produce a practically efficient closed circuit telephone 
did, in my opinion, involve a great many inventions and discoveries 
in addition to all that was given us by Reis, but it is also my opin- 
ion that among these inventions and discoveries the so-called dis- 
covery that the current in the wire must express undulations corre- 
sponding to those of the moving particles of air was neither neces- 
sary nor important. Reis showed us how to transmit speech imper- 
fectly. Various improvements, such as the use of carbon in the 
transmitter and the use of a metallic diaphragm in the receiver 
were essential to make this transmission of speech practically avail- 
able, but, in my opinion, this practical development was in no way 
influenced by any notions, correct or otherwise, as to the character 
of the current in the wire. . 

‘* 74 x-Int. Then, in your opinion, if I understand you, that the 
construction of a closed circuit telephone, in which the strength of 
current, flowing constantly, is varied by the vibration of the dia- 
phragm, did nct constitute any invention, in view of the descrip- 
tion and apparatus of Reis; is that what you mean to swear to? 

‘“A. That is precisely it, understanding that your definition 
makes the broad claim only, and does not involve any of the means, 
such, for example, as those peculiar to the magneto-telephone.” 
(Mol. Rec., pp. 642-644. ) 
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things. They are not of the essence of his (Bell’s) invention, but the 
essence of his invention is to undulate or mould the current into the 
desired form by means of the air vibrations whether that undulation 
is generated by a magneto machine, or by a battery” (/ d/d., p. 7). 
‘¢ The whole thing is old in so far as @ varying current is con- 
cerned. It was wel! known that the strength of current could be 
varied by changing the resistance of the line, or by varying the 
movement of the armature of @ dynamo machine; but it was not 
khown that those changes could be so controlled as to agreein form uith 
the air waves of sound ; and that was the great discovery of Prof. Bell, 
who found it out and showed an apparatus for doing it” (1 bid, p. 8.) 


‘The theoretical knowledge of the manner in which the one” 
(transmission of musical sounds) ** could be done would, I think, 
necessarily involve the theoretical knowledge of the way in which 
the other ” (transmission of articulate speech) ‘* could be done. The 
practical realization of an instrument which could transmit the 
three characteristics of pitch, intensity and quality of a musical 
sound would not necessarily involve the practical realization of the 
transmission of articulate speech.” 

Testimony of Complainant’s Expert, Prof. Cross, Mol. 
R., p. 129. 


These pertinent quotations from the arguments and 
testimony of plaintiffs’ counsel and witnesses in this 
case will be useful when considering the mechanical 
characteristics, physical action, and theory of the Reis 
telephonic instruments of 1861 to 1864 ; and their effect 
in fixing the “state of the art”? when Mr. Bell’s device 
was invented. 

Should we find in these instruments the power of 
“moulding,” ete.; and in these writings proof of a 
hnowledge that ‘ these changes could be so controlled” as 
tu transmit speech (or in My. Dickerson’s words, ‘‘ to 
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agree in ‘form, ” &ec.), we shall have gained some 
material for judging whether the “art” of transmitting 
speech remained to be discovered-——or only to be mechani- 


cally perfected, and published—at the date of Mr. Bell's 


disco very. 


The Bell patents have, heretofore, been sustained 
upon a theory respecting : 
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First, the character and action of the current em- 
ployed in the transmission of speech. 

Second, an assumption that the character and action of 
the current employed in the Reis instruments are dif- 
ferent. 

These differences relate to spaces which can only 
be mathematically expressed 


and to periods of time 
which no measuring instrument can indicate, such as 
the separation of ;,/55 to ;oia, of an inch, or spaces of 
that order, and to periods of time from the ;; to the 
1. of a second. 
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It is assumed that a current undulates and does 
‘not pulsate,” the difference being something of 
which the mind can take no cognizance, except by 
sraphical representations of an operation which may 
take place from 14 to 40,000 times in a second; and 
which is supposed to have a rise and fall in a manner 
which may be represented by a curve like that marked 
“pulsatory ;” orin a manner to be represented bya 
curve like that marked “ undulatory” 
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See fells London Lecture, O., 2736. 


Science often makes the error of generalizing from 
isolated facts or groups of facts whose generating cause 
still escapes analysis. The law, having justice for its 
object, cannot incur the risk of such mistakes ; nor 
undertake to guarantee by Judicial decisions, the cor- 
rectness of principles of mechanical action which are 
wholly founded on inference. 

It takes that risk when crowning as infallible, a the- 
ory concerning things not cognizable by the senses of 
man. 
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The risk comes to have an element of grotesque ab- 
surdity when judges are asked to sustain property 
claims upon distinctions between pulsatory and undu- 
latory actions taking place under circumstances which 
defy the microscope, and the finest instruments of pre- 
cision, to find out the truth. 

Mr. Harry Renwick, testifying as the Bell Company's 
expert in the Dowd case, was unable to find any differ- 
ence in those claimed and disclaimed currents. 


‘* Cross-Int. 18. Do you believe that there is any practical differ- 
ence between pulsatory currents, so-called, and undulatory currents, 
so-called ? 

‘‘Ans. I donot. I say this because J am notable todefine where 
one would begin and the other would end, although there may be 
results produced by comparatively slow undulation which could not 
be produced by rapid pulsation. 

‘* Cross-Int. 19. For the purpose of any operation described in 
this patent, do you believe there is any practical difference ? 

‘* Ans. As I said before, I am not ableto define where one begins 
and the other ends, and therefore I cannot say there would be prac- 
tical difference, although I can conceive that different effects might 
be produced by currents which change their intensity rapidly and 
by those which change their intensity slowly. 

‘* Cross-Int. 20. Do you believe that any such different effects 
are produced for the purpose of any operation described in the 
patent? 

‘*No. Idon’t. * * * (Q., 2810, 2811). 


But, although the expert’s fine inspection could find 
no difference, there was apparently a sufficient differ- 
ence, in the cruder perceptions of lawyers, upon which 
to found a judicial judgment and support a patent. 
This judgment, once granted, is understood to be 
the justification (being admitted as evidence) in the 
Spencer case, for the startling announcement in that 
opinion that “ Bell * * * is admitted in this case 
to be the original and first inventor of any mode of 
transmitting speech ” (LoweLL, J., 8 R. 511), and in the 
Dolbear case, that “ It was decided by the Court in the 
Am. Bell Tel. Co. vs. Dolbear, * * * that Bell is 
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the first inventor of a speaking telephone ” (15 F. R., 
449), and for all that spurious brood of subsequent 
decisions which trace their pedigree through an as- 
sumed “ decision,” to an assumed “admission” back to 
a distinction between currents which Bells’ expert 
could not see, but the real existence of which is the 
very soul of his claim to discovery. 


We have now to consider in detail the Reis appa- 
ratus ; and first the transmitters—it being in them that 
the “ moulding” of the current occurs which is claimed 
to be the essence of Bell’s invention or discovery. 


THE REIS INSTRUMENTS. 
I. 
Ear Model Form. 


The first form of Reis transmitter which has been 
figured in any publication is the Kar Model. Appendix 
No. 1 shows it. An adjusting screw by which the pres- 
sure of the electrodes may be regulated is shown. The 
object of such a screw reveals itself. It is to control 
the tendency to break the metallic circuit contacts which 
arises from the character of the springs used and the 
inertia of the outer spring, which would sometimes pre- 
vent it from keeping its contact under the disrupting 
effect of a strong vibration. 

(This form was not published, and is not proved in 
any case. ‘The allusion to it is for historical order and 
not for any legal eftect.) 
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II. 
Bored Block Form. 


The second form is that shown, (Mol. R., p. 759, O., 
p. 1870), and figured in Reis’ first lecture. The exhibit 
produced shows a screw hole in the strip of metal ex- 
tending from the binding post x. No screw is shown 
in the diagram which accompanies the published lee- 
ture. | 

Reis and Bourseul Publications, p. 15., O. 
p. 1870. 
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In this device the current passes from one binding 
post through two metallic strips (one of which termin- 
ates in a platinum point, resting upon the other) to an- 
other binding post. The instrument, as a whole, rests 
upon its side when in use, and the outer strip is sub- 
ject to the same effect of inertia. When the membrane c 
in front of the strips is spoken to, through the cone a, 
the degree of pressure between the strips is modified 
and the resistance to the passage of the current is 
varied. This may be carried in this instrument to the 
point of breaking the current altogether. Whether such 
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a break occurs will depend upon the degree of loudness 
in the sound, and consequent amplitude of vibration 
given to the membrane. Whether the interruption is 
whole or partial depends, therefore, upon the automatic 
action of the mechanism under the impact of sound 
waves; no provision being made for insuring a_ break ; 
no direction given to speak so as to cause a break ; 
and the object of speaking being to obtain correct 
transmission. The tension of the spring may be in- 
creased by bending it or making it specially thick and 
strong. 

The transmitting portion of this device, that is, the 
two strips with their supports, will be shown in a plate 
below in connection with several other devices of this 
and other inventors, including Blake, in order that the 
essential resemblance between this original Reis trans- 
mitter and the more mechanically perfect one of Blake 
may be easily seen and traced. 

This is cailed the ‘“‘ Bored block ” transmitter. Con- 
cerning its actual capacity to transmit sounds its invent- 
or made the statement above quoted, that with it he 
was able ‘‘to reproduce the tones of various instru- 
ments, and even to a certain extent the human voice.” 

At the same time he said: 

‘* Now, in reference to the capabilities of the telephone, it may be 
stated that I was enabled to render audible to the members of a 
large assembly [The Physical Society at Frankfort-a-M.] melodies 
which were sung [not very loud] into the apparatus, in another 
house [three hundred feet away], with closed doors. 

‘* Other experiments showed that the sounding wire was capable 
of reproducing complete chords of three tones of a piano, upon 


which the telephone was placed, and that it reproduced equally 


well the tones of other instruments, accordeon, clarionet, horn, or- 


gan pipes," etc. * * * 


Also, 


‘* Hitherto it has not been possible to reproduce the tones of hu- 
man speech with a distinctness sufficient for every one. The con- 
sonants are for the most part reproduced pretty distinctly, but the 
vowels as yet notin an equal degree. The cause of this I will at- 
tempt to explain.” 

teis and Bourseul Publications, p. 17. O., p. 1872. 
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These statements are contained in a paper which 
seems to have been written out for the Physical Society 
after the telephone had been exhibited, and its per- 
formances shown to that Society as described. 

The paper was published by the Society [see No. 9, 
p. 19, déid.], and it may be assumed that the fairness 
and truth of Reis’ statements that he “was enabled 
to render audible to the members of a large assembly 

“ *  * melodies,” etc., is beyond question.* 

Didaskalia, a journal of Frankfort, May 12, 1862, 
reports a meeting of the Free German Institute at 
which Mr. Reis exhibited his telephone, adding : 


‘The experiments by him some months ago, in the Physical 
Society, were, to the agfonishment of all, exceedingly plain and 
clear, whereas the experiment following the lecture of yesterday 
was less successful. This was due partly to the poor conductivity 
of the wires, partly to the locality” [p. 28, /é¢d.]. O., p. 1883. 

The Receiver used with this transmitter is not shown 
in the first Reis article, but will be found figured in 
his circular (p. 50, /bid; Q., p. 1907) in connection 
with one of the subsequent forms of transmitter. It 
consists of a steel needle, wound with fine insulated 
wire, supported upon a resonant box, the wire being 
connected with the telephone circuit. The current in 
passing around this wire causes a vibration in the 
molecules of the steel, the description of which will 
be found in Reis’ paper (//id., p. 16; O., p. 1871) 
and need not be repeated. As a receiver, it appears, 
according to the evidence, to be lacing in sensitiveness, 
but to be more efficient in connection with some of the 
other transmitters than that for which it was made. 
The balancing of these two instruments of a new art, so 


*The similarity of experience of Reis and Bell is striking in 
many respects. Both sought to introduce the telephone to the 
public by musical concerts; and the microphone—operating as 
such—was introduced to the European public in the same manner 

re) 


(Du Moncel Telephone, p. 170-172). 
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that the forces of the one should be precisely adapted 
to the capacity of the other, may, considering the lim- 
ited facilities of a German school-teacher in a little 
village, well be noticed in connection with the state- 
ment of Reis in his letter to Ladd (p. 44; O., p. 1901). 

‘Tt would be long to relate all the fruitless attempts I made un- 
til I found out the proportions of the instrument, and the necessary 


tension of the membrane.” 


This simple statement should show the uncertainty if 
not absolute error, of the conclusion which complainants, 
with much beating of drums, draw from the fact that 
Pisko and some others whose papers are printed in the 

teis and Bourseul publications, were unable with their 


Reis instruments to get speech. 


The similar difficulties, with less degree of success, 
which Mr. Bell encountered are shown in various places. 


HUBBARD’S CIR€E VLAR OF MAY, 1877. 
‘THe TELEPHONE.” 


‘*The proprietors of the telephone, the invention of Alexander 
Graham Bell} for which patents have issued by the United 
States and Great Britain, are now prepared to furnish telephones 
for the transmission of articulate speech through instruments not 
more than twenty miles apart. Conversation can be easily carried 
on after slight practice, and with the occasional repetition of a 
word or sentence. On first listening to the telephone, though the 
word is perfectly audible, the articulation seems to be indistinct ; 
but after a few trials the ear becomes accustomed to the peculiar 
sound, and finds little difficulty in understanding the words. 

~ * x x * * x - * 
‘* (Signed) 
‘*GARDINER G. HvuBBARD, 
‘Cambridge, Mass.” (Mol. Rec., p. 1829). 


BeLv’s Lonpon LECTURE. 


The results, however, were unsatisfactory and discouraging. 
My friend, Mr. Thomas A. Watson, who assisted me in this first 
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experiment, declared that he heard a faint sound proceed from 
the telephone at his end of the circuit, but I was unable to verify 
his assertion. After many experiments, attended with the same 
only partially successful results, I determined to reduce size and 
weight of the spring as much ag possible ” (Mol. Rec., p. 2013: O., 


p. 2744). 


The succes: 2s finally attained were with instruments 
not shown in  e patent, and—as to most of them— 
not operating | tne SOLE principle. No evidence any~ 
where exists to show that Fig. 7 was ever made _ to 
operate before about January, 1879. 

Deposition of H. Bb. Renwick, p. 629, Dowd 


Record, Vol. 1; O., p. 3414. 
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The Reis-Legat Transmitter. 


= 


i 


The next form is that which is generally known as 
the Reis-Legat transmitter, because it is found de- 
scribed in the paper of V. Legat, Royal Prussian Tele- 
graph Inspector, printed in the Journal of the German- 
Austrian Telegraph Association, in 1862, Reis and 
Bourseul Publications, (p. 29; O., p. 1884). 

Legat introduces this instrument without saying 
by whom it is made, but refers to Reis as_ the 
author of the ideas upon which it is based. He begins 
by saying: 


‘In this essay, we shall * deal with the * * * applica- 
tion of this current to the production of audible signals—-of tones. 

‘The air waves * * * excite in us thesensation of sound by 
primarily setting the tympanum of the ear into vibratory motion ; 
* * * and the attempt to reproduce tones therefore depends on 
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this, to actuate an artificial imitation of this lever apparatus by 
means of the vibrations of a membrane corresponding to the mem- 
brane of the ear drum, and thereby to open and close a Galvanic 
circuit. * * * 

‘* Before describing the apparatus to be used, it would be proper 
to inquire how our ear apprehends the vibrations of any one partic- 
ular tone, and the combined vibrations of all simultaneous tones acting 
upon it, because thereby we may determine the operations which are to 
be performed by the tramsmitting and receiving apparatus in the solu- 
tionof the problem ” (pp. 28-30, Ibid). QO., pp. 1883-1885. 


aving thus taken, as Reis had done before, the 
Having tl taken, Reis had done before, the 
continuity of the physiological action in the ear, as his 
model, he proceeds to say : 


‘* Examining first the processes which take place in order that 
the human ear may apprehend any single tone, we find that each 
tone is the result of alternate rarefactions and condensations re- 
peated within a fixed time. * * * 

‘* These vibrations cause corresponding movements in the audi- 
tory bone, and are thereby transmitted to the auditory nerve.” 


Following the analogies of this model, and compar- 
ing the organs of hearing and tone sensation to a tele- 
phone circuit, we may say that the drum of the ear 
corresponds to the diaphragm of the telephone trans- 
mitter ; that the little ossicles ; the membrane against 
which the stirrup bone rests ; the fluid in the cochlea 
against which that membrane is pressed by the motion 
of the stirrup bone ; the fine nerves—called the ‘“ fibres 
of Corti”—which the fluid moves and presses; the 
auditory nerve and its connections— may together be 
considered the transmitter and line wire of a telephonic 
system; and that portion of the brain to which motion 
in some form is communicated ; and where, by such 
motion, sensation is produced and sound perceived, 
may be regarded as the receiver of a telephone system. 

Legat continues : 


‘‘ The greater the degree of condensation * * * the greater will 
be the amplitude of vibration of the membrane and auditory bones. 
* * * Hence it is evidently the function of the auditery appara- 
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The next form is that which is generally known as 
the Reis-Legat transmitter, because it is found de- 
seribed in the paper of V. Legat, Royal Prussian Tele- 
graph Inspector, printed in the Journal of the German- 
Austrian Telegraph Association, in 1862, Reis and 
Bourseul Publications, (p. 29; O., p. 1884). 

Legat introduces this instrument without saying 
by whom it is made, but refers to Reis as_ the 
author of the ideas upon which it is based. He begins 
by saying: 


‘‘In this essay, we shall * deal with the * * * = applica- 
tion of this current to the production of audible signals—-of tones. 

‘The air waves * * * excite in us thesensation of sound by 
primarily setting the tympanum of the ear into vibratory motion ; 
* * * and the attempt to reproduce tones therefore depends on 
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this, to actuate an artificial imitation of this lever apparatus by 
means of the vibrations of a membrane corresponding to the mem- 
brane of the ear drum, and thereby to open and close a Galvanic 
circu. * * * 

‘* Before describing the apparatus to be used, it would be proper 
to inquire how our ear apprehends the vibrations of any one partic- 
ular tone, and the combined vibrations of all simultaneous tones acting 
upon it, because thereby we may determine the operations which are to 
be performed by the tramsmitting and receiving apparatus in the solu- 
tionof the problem ” (pp. 28-30, Ibid). QO., pp. 1883-1885. 


Having thus taken, as Reis had done before, the 
a) b] b 
continuity of the physiological action in the ear, as his 


model, he proceeds to say: 


‘* Examining first the processes which take place in order that 
the human ear may apprehend any single tone, we find that each 
tone is the result of alternate rarefactions and condensations re- 
peated within a fixed time. * * * 

‘* These vibrations cause corresponding movements in the audi- 
tory bone, and are thereby transmitted to the auditory nerve.” 


Followimg the analogies of this model, and compar- 
ing the organs of hearing and tone sensation to a tele- 
phone circuit, we may say that the drum of the ear 
corresponds to the diaphragm of the telephone trans- 
mitter ; that the httle ossicles ; the membrane against 
which the stirrup bone rests ; the fluid in the cochlea 
against which that membrane is pressed by the motion 
of the stirrup bone ; the fine nerves—called the “ fibres 
of Corti”—which the fluid moves and presses; the 
auditory nerve and its connections— may together be 
considered the transmitter and line wire of a telephonic 
system; and that portion of the brain to which motion 
in some form is communicated ; and where, by such 
motion, sensation 1s produced and sound perceived, 
may be regarded as the receiver of a telephone system. 

Legat continues : 


‘‘ The greater the degree of condensation * * * the greater will 
be the amplitude of vibration of the membrane and auditory bones. 
* * * Hence it is evidently the function of the auditory appara- 
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tus to impart with faithfulness to the auditory nerves every conden- 
sation and rarefaction which occurs in the surrounding medium 
* * * the function of transmitting to our consciousness both the 
number and amplitude of the vesu/ting vibrations occurring within 
a given time devolves upon the auditory nerves.” 
°K * - * * * * * 
‘* Accordingly, that which is apprehended by the auditory nerve 


is the effect of a force. * * * 


This force Legat represents, as did Reis, by a curve, 


saying : 


Let the length of the line @ 4 represent a definite period of time, 
the curves above this line the condensations (+), and the curves 
below this line the rarefactions (—), then every ordinate erected at 
the end of any abscissa will indicate at the MoMENT of time tndi- 
cated by this abscissa the degree of condensation in consequence of 
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which the membrane of the drum vibrates. 


a rr 

This description may without change be applied to 

. on) 
any curve of articulate speech; like the well-known 
¢ i ' . ons Be : .. F ‘ ae ss ¢ ‘ 
“Brown University Curve” (Mol. R., p. 102; O., p. 
129), in which ordinates erected at the end of any 
abscissa would ‘ indicate at the moment of time indi- 
cated by this abscissa the degree of condensation. ” 

Legat adds: 

“The ear ¢s not capable of perceiving more than can be repre- 
sented én this way, or more than can be represented by similar curves; 
this is, however, sufficient to convey to our consciousness any 
single tone or any desired combination of tones. For if several 
tones are generated simultaneously, then the sound-conducting me- 
dium is influenced by several forces acting at the same time, and sub- 
ject to mechanical laws. 

* * * x 2K ox * * 

‘* From these principles it follows that the curves representing 
the condensation of a number of simultaneously generated tones 
may be combined in a single curve of condensation, which will indi- 
cate with precision what our ear apprehends through the reception 
of these simultaneously acting tones ” (p. 31; O., p. 1887). 

* This * * * was necessary to demonstrate that as soon as 
we are able, in any place and in any manner, to reproduce vibra- 
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That is to say, of such character or form and such 


loudness— 


‘as are equivalent to the curves and intensities of * * * = any 
particular combination of tones, we shall have.the same impressions 
as were produced upon us by * *. *_ these original combinations 
of tones. 

‘* The apparatus described hereafter offers the possibility of.pro- 
ducing these vibrations in every manner desired ; and dy the use of 
galvanic electricity it is possible to evoke, at any distance, vibra- 
tions like those which have been so produced, * * * ” (Ldid., p. 
32: Q., p. 1888). 

‘+ In consequence of the ¢mperfection of the apparatus at this time, 
the minor differences of the original vibrations are distinguishable 
with more difficulty, that is, the vowel sounds appear more or less 
indistinct, inasmuch as each tone depends not merely upon the 
number of the vibrations of the medium, but also wpon tts condensa- 
tion and rarefaction ” (Lbid., p. 85; O., p. 1892). 


The words last quoted distinguish between the num- 
her of vibrations (wk. has relation to the pitch of the 
sound), and the condensation and rarefaction of the 
medium ; which is the same as to say the character, 
degree and order of that condensation and rarefaction ; 
which again is the same as to say, according to the fourm 
of such condensations and rarefactions. These words 
to the physicist are the equivalent of all that could 
be said by way of defining the terms form and quality. 

As may be easily figured to the imagination, an air 
condensation which is occasioned by several simul- 
taneous tones, ex. gr., articulate speech—will consist of 
one long or complete condensation, interrupted by at- 
tempted rarefactions, renewals of the course of con- 
densation, and varieties in the rate of speed in the 
main condensation. .Thus condensations have their 
minor degrees inside of their complete degree ; and for 
this reason air particles acted upon by the condensa- 
tion of the mass have their complete amplitude for any 
degree of loudness, and within that, a vast variety of 
lesser and inferior amplitudes, which serve to represent 
the distinctive quality of the sound. | 
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Legat adds : 


‘“This also explains why chords and melodies were transmitted 
with marvellous accuracy in the practical experiments hitherto made, 
while single words in reading, spewking, etc., were less distinctly 
recognizable, although even in these the inflections of the voice, as in 
interrogation, exclamation, SUPPTISE, calling, ete., were clearly repro- 
duced. There is no doubt that the subject we have been consider- 
ing, before it becomes practically valuable for use, will require con- 
siderable improvement; it will especially be necessary to perfect the 
mechanism of the apparatus to be employed; * * *” 

Reis and Bourseul Pub., p. 35; O., p. 1892. 


Returning now to the apparatus used by Legat, and 
which he thinks will need to be perfected, we find the 
principle of the first Reis instrument developed in an- 
other, which contains all the mechanical appliances 
(N and /7) requisite to maintain the electrodes in a 
constant contact; or at least such contact as shall be 
sufficiently loose, flexible and constant, to transmit 
all tones which the ear can perceive. 

We find also, for the first time, a receiver consist- 
ing of an electro-magnet, 7, with a movable armature 
and sounding plate,7, a screw and adjusting spring, 
b,c, by which to hold the armature, 7, to precisely 
that relation to the magnet, m, which will enable it, in 
obedience to the electrical undulations which have 
come to it-over the wire, most effectually to reproduce 
the vibrations first heard at the transmitter. This re- 
ceiving instrument contains every essential principle 
and element found in the hand telephone covered by 
the Bell patent of 1877, and now in universal use. 
intimations or recommendations as to the dimensions 
of the different parts, and statement of the result of 
practical experiments by which certain things are shown 
as to the relative efficiency of different materials, ete., 
makes an especial statement that 


‘It is also desirable that the lever itself be made as light as 
possible, that it May follow the movements of the membrane. ANY 
inaccuracy in the operation of the lever ¢ din this respect will pro- 
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duce false tones at the receiving station. When in a state of rest 
the contact at dg is closed, and delicate spring 7 maintains the lever 
in this position” (/d/d, p. 33; O., p. 1890). 


Afterward he adds: 


‘* The operation of the apparatus described is as follows : 

‘* When at rest the galvanic circuit is closed. When the air 
* * * is alternately condensed and rarefied, by speaking into it 
(or by singing or introducing the tones of an instrument), a move- 
ment of the membrane * * * is produced, corresponding to such 
condensation or rarefaction. The lever ¢ d FoLLoWs the movements of 
the membrane, and opens and closes the galvanic circuit * * * 
so that at each condensation of the air in the tube the circuit is 
opened, and at each rarefaction the circuit is closed” (/d/d., p. 34: 
O.,. p. 1891). 


In this description, the writer, if he meant by “ open- 
ing and closing,” a complete severance of the electrical 
current which results from the use of a Morse telegraph 
instrument by hand, was—probably—nmustaken. The 
mistake probably arose from two causes: jst, an 
absolute correspondence with the continuity of action 
and motion of the air wave being assumed (in obedi- 
ence to.well recognized laws) to happen in the electrical 
current, the writer erroneously assumed that such con- 
tinuity would result from what he calls opening and 
closing——that being the familiar method of telegraphing ; 
second, Legat was expressly excluding from view any 
consideration of the precise manner in which the cur- 
rent could be put into the requisite “‘ correspondence ” 
of action, and, therefore, made no observation or test. 
He says: 


‘¢ We have not here to consider the transmission of tones by 


means of the galvanic current, but only of the conveyance of gen- 


ox 
ae 


erated sounds to another place, and in this way, 
That is, as it must fairly be interpreted, 


‘in such a way that at the latter place a similar cause is produced, 
and a similareffect obtained ” (/d/d., p. 34: O., p. 1891). 


Legat adds : 


‘This also explains why chords and melodies were transmitted 
with marvellous accuracy in the practical experiments hitherto made, 
while single words in reading, speaking, etc., were less distinctly é 
recognizable, although even in these the inflections of the voice, as in 
interrogation, exclamation, surprise, calling, etc., were clearly repro- 
duced. There is no doubt that the subject we have been consider- 
ing, before it becomes practically valuable for use, will require con- —_' 
siderable improvement; it will especially be necessary to perfect the 


mechanism of the apparatus to be employed; * * *” 
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Returning now to the apparatus used by Legat, and 
which he thinks will need to be perfected, we find the 
principle of the first Reis instrument developed in an- 
other, which contains all the mechanical appliances 
(Nand /7) requisite to maintain the electrodes in a 
constant contact; or at least such contact as shall be 
sufficiently loose, flexible and constant, to transmit 
all tones which the ear can perceive. 

We find also, for the first time, a receiver consist- 
ing of an electro-magnet, 7, with a movable armature 
and sounding plate,7, a screw and adjusting spring, 
b,c, by which to hold the armature, 7, to precisely 
that relation to the magnet, m, which will enable it, in 
obedience to the electrical undulations which have 
come to it-over the wire, most effectually to reproduce 
the vibrations first heard at the transmitter. This re- 
ceiving instrument contains every essential principle 
and element found in the hand telephone covered by 
the Bell patent of 1877, and now in universal use. 
intimations or recommendations as to the dimensions 
of the different parts, and statement of the result of 
practical experiments by which certain things are shown 
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as to the relative efficiency of different materials, ete., 
makes an especial statement that 


‘‘It is also desirable that the lever itself be made as light as 
possible, that it May follow the movements of the membrane. ANY 
inaccuracy in the operation of the lever ¢ din this respect will pro- 


—-_ 
\ 
a 
* 
g> 
= 


99 


duce false tones at the receiving station. When in a state of rest 
the contact at dg is closed, and delicate spring 2 maintains the lever 
in this position” (/d/d, p. 38; O., p. 1890). 


Afterward he adds: 


‘* The operation of the apparatus described is as follows : 

‘* When at rest the galvanic circuit is closed. When the air 
* * * jis alternately condensed and rarefied, by speaking into it 
(or by singing or introducing the tones of an instrument), a move- 
ment of the membrane * * * is produced, corresponding to such 
condensation or rarefaction. The lever ¢ d FOoLLOWs the movements of 
the membrane, and opens and closes the galvanic circuit * * * 
so that at each condensation of the air in the tube the circuit is 
opened, and at each rarefaction the circuit is closed” (/d/d., p. 34; 
O., p. 1891). 


In this description, the writer, if he meant by “ open- 
ing and closing,” a complete severance of the electrical 
current which results from the use of a Morse telegraph 
instrument by hand, was—probably—mistaken. The 
mistake probably arose from two causes: just, an 
absolute correspondence with the continuity of action 
and motion of the air wave being assumed (in obedi- 
ence to.well recognized laws) to happen in the electrical 
current, the writer erroneously assumed that such con- 
tinuity would result from what he calls opening and 
closing——that being the familiar method of telegraphing ; 
second, Legat was expressly excluding from view any 
consideration of the precise manner in which the cur- 


rent could be put into the requisite ‘ correspondence ’ 
of action, and, therefore, made no observation or test. 


He says: 

‘* We have not here to consider the transmission of tones by 
means of the galvanic current, but only of the conveyance of gen- 
erated sounds to another place, and in this way, 


That is, as it must fairly be interpreted, 


‘‘in such a way that at the latter place a similar cause is produced, 
and a similareffect obtained ” (/é/d., p. 34: O., p. 1891). 
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Legat adds : 


‘This also explains why chords and melodies were transmitted 
with marvellous accuracy in the practical experiments hitherto made, 
while single words in reading, speaking, etc., were less distinctly 
recognizable, although even in these the inflections of the voice, as in 
interrogation, exclamation, surprise, calling, etc., were clearly repro- 
duced. There is no doubt that the subject we have been consider- 
ing, before it becomes practically valuable for use, will require con- 
siderable improvement; it will especially be necessary to perfect the 
mechanism of the apparatus to be employed; * * *” 

Reis and Bourseul Pub., p. 35; O., p. 1892. 
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teturning now to the apparatus used by Legat, and 
which he thinks will need to be perfected, we find the 
principle of the first Reis instrument developed in an- 
other, which contains all the mechanical appliances 
(Nand /7) requisite to maintain the electrodes in a 
constant contact; or at least such contact as shall be 
sufficiently loose, flexible and constant, to transmit 
all tones which the ear can perceive. 

We find also, for the first time, a receiver consist- “s 
ing of an electro-magnet, 7, with a movable armature 
and sounding plate,7,; a screw and adjusting spring, 
b,c, by which to hold the armature, z, to precisely 
that relation to the magnet, m, which will enable it, in 
obedience to the electrical undulations which have 
come to it over the wire, most effectually to reproduce 
the vibrations first heard at the transmitter. This re- 
ceiving instrument contains every essential principle 
and element found in the hand telephone covered by 
the Bell patent of 1877, and now in universal use. 
intimations or recommendations as to the dimensions _ ¢ 
of the different parts, and statement of the result of 
practical experiments by which certain things are shown 
as to the relative efficiency of different materials, ete., 
makes an especial statement that 


‘‘It is also desirable that the lever itself be made as light as 
possible, that it May follow the movements of the membrane. ANY 
inaccuracy in the operation of the lever ¢ din this respect will pro- 
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duce false tones at the receiving station. When in a state of rest 
the contact at dg is closed, and delicate spring 2 maintains the lever 
in this position” (Lé/d, p. 38; O., p. 1890). 


Afterward he adds: 


‘* The operation of the apparatus described is as follows : 

‘* When at rest the galvanic circuit is closed. When the air 
* * * is alternately condensed and rarefied, by speaking into it 
(or by singing or introducing the tones of an instrument), a move- 
ment of the membrane * * *_ is produced, corresponding to such 
condensation or rarefaction. The lever ¢ d FoLLows the movements of 
the membrane, and opens and closes the galvanic circuit * * * 
so that at each condensation of the air in the tube the circuit is 
opened, and at each rarefaction the circuit is closed” (/6d/d., p. 34; 
O., p. 1891). 


In this description, the writer, if he meant by “ open- 
ing and closing,’ a complete severance of the electrical 
current which results from the use of a Morse telegraph 
instrument by hand, was—probably—mistaken. The 
mistake probably arose from two causes: jist, an 
absolute correspondence with the continuity of action 
and motion of the air wave being assumed (in obedi- 
ence to.well recognized laws) to happen in the electrical 
cwrent, the writer erroneously assumed that such con- 
tinuity would result from what he calls opening and 
closing——that being the familiar method of telegraphing ; 
second, Legat was expressly excluding from view any 
consideration of the precise manner in which the cur- 
rent could be put into the requisite “ correspondence ” 
of action, and, therefore, made no observation or test. 
He says: 

‘* We have not here to consider the transmission of tones by 
means of the galvanic current, but only of the conveyance of gen- 
erated sounds to another place, and in this way, 


That is, as it must fairly be interpreted, 


‘in such a way that at the latter place a similar cause is produced, 
and a similareffect obtained ” (/did., p. 34: O., p. 1891). 
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It is evident, therefore, that he made no tests, nor 
any particular observations by which to determine the 
truth of the assumption that the current did in fact 
open and close, like an ordinary telegraph circuit. 

It may be repeated, as has been said before, that 
there was then no motive for.tlie nice observations which 
have resulted from these great litigations—observations 
conducted at an expense, and with costly instruments 
of precision, quite beyond the resources of a poor 
school-teacher, and which have resulted in leaving it a 
matter of doubt, according to the testimony of Profes- 
sors Young, Brackett and many others—--whether there 
is not in every variable resistance transmitter now in 
use, some slight separation of contact between the elec- 
trodes, whether with or without an actual breaking of 
the current. 

The precise significance intended in the use of these 
terms we must infer from the action and construction 
of the instrument itself; and from the object for which 
it was intended ; and which, according to the statements ~ 
of the writer and many witnesses, it did, in a considera- 
ble degree, successfully accomplish in his hands. 

It is to be particularly noted in each one of the Reis 
instruments that in its normal condition, when at rest, 
the electrodes are in contact. This is specially men- | 
tioned by Legat in his description (Reis and Bourseul 
Publications, p. 54; O., p. 1891): “ When at rest the 
calvanic circuit is closed.” Being so closed, 7t w7/1 forever 
Penrain closed until SOE speech 100 loud for transmission 
comes to create a streneth of vibration sufficient to tear 
the contact open. The function of the machine, there- | x: 
fore, includes the capacity of being continuously opened 
or continuously closed, or intermittently opened and 
closed. The purpose of the inventor requires that it 
should be either opened or closed, according as the 
controlling forces of speech bring into play this azto- 
matic power to conform itself to them. The difference 
between this and the closed circuit referred to by Bell 


10] 


in his patent is that Bell’s method of connecting his 
circuit excludes all means for opening, or for varying 
the degree in which it is closed. 

The adjustment screw and the tension springs of the 
tels instrument may be availed of to bring the elec- 
trodes together with such pressure that they cannot be 
forced apart by air vibrations of any amplitude. In 
this respect the mechanism is identical with that of the 
Blake transmitter. The operative parts of the latter 
instrument consist of ¢2vo springs of opposite tension, 
and one adjusting screw. The mechanical principle is 
that of an opened or closed contact according to the 
degree of force exerted upon the diaphragm. The Reis- 
Legat has also one spring and one adjusting screw, and 
the principle is also that of an opened or closed contact, 
according to the forces exerted from instant to instant, 
upon the membrane. When at rest—that is, when no 
force is being exerted upon the membrane or 
diaphragm—both are normally closed, and the current 
may be considered to be constantly flowing, with 
an uniform degree of resistance in each instrument. 
When the diaphragm is spoken to, there is an in- 
crease of pressure between the electrodes followed by 
a withdrawal of the electrodes to a degree of pressure 
less than the normal pressure. If the speech be not 
too loud the contact will be preserved though varied. 
If the instrument be spoken to too loudly, a with- 
drawal may ensue which will entirely separate the 
electrodes. Such separation will occur more easily 
doubtless in the Reis-Legat transmitter than in the 
Blake transmitter ; but it will not occur in either, ex- 
cept by the exertion of an undue and improper degree 
of force.* That contact with the membrare is to be 
maintained is evident from the words : 

‘‘It is also desirable that the lever itself be made as light as pos 
sible, that it MAY follow the movements of the membrane.” 


* Testimony of Prof. Cross, quoted at p. 130. 
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In the bored block transmitter where the tendency 
was still greater, Reis, in deseribing his experunents, 
and with a view doubtless of having them repeated, 
cives something in the nature of a direction when he 
says (Reis and Bourseul Publications, p. 17; O., p. 
1872) : 


‘*T was enabled to render audible to the members of a large as- 
sembly melodies which were sung (not very loud) into the appa- 


ratus.” 


The difference as to the degree of ease with which 
the one or the other of the struments will be broken 
depends upon mechanical perfection—a point which 
was completely in the view of both Reis and Legat, and 
expressed by Legat when he says (l4i/., p. 353; Q., p. 
1892) : 


‘* Tt will especially be necessary to perfect the mechanism of the 


apparatus to be employed.” 


That perfection of mechanism, and that alone, is 
what has given to the world at this time the practical 
telephone—a variable resistance transmitter, united to 
a receiver, in principle precisely like the Reis-Legat 


recelver. 
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IV. 
b Gravity or Cubical Box Transmitter. 
a> 
‘ The last form of transmitter, of which we have evi- 


dence in this case (although there is evidence in 
scientific publications of many other forms), is what is 
called the gravity transmitter. This appears to have 
been devised by Reis swbsequent/y to the writing of the 
paper in which he uses the words which have been so 


reat a comfort to the expert witnesses of Mr. Bell, viz. : 
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‘At the first condensation, the hammer-like wire d is pushed 


back; at the rarefaction it cannot follow the retreating membrane, 
x * x 


and the current traversing the strips remains broken.” 

The “ gravity instrument” is so called because in the 
veneral advance of improvement, Reis had adopted the 
idea of resting his upper electrode directly upon the 
lower. The weight of the upper electrode tended to 
prevent a break at the point where the current passed, 
while the elasticity of the other supports tended to 
render the whole mass of the electrode and its con- 
necting strips finely sensitive to all the more delicate 
wave sounds. The whole was a decided mechanical 
advance upon the bored block receiver, in which the 
rigidity of the parts and the inertia of the immovable 
electrode was such as to make it greatly liable to be 
found open when it should be closed; that is to say, 
creatly hable to be thrown open by the loudness of the 
tone, and unable to recover its contact in time for the 
next demand upon it by the sound waves. The only 
responsible description of this instrument extant is 
found in a letter by Reis to William Ladd, dated Au- 
cust 13, 18635, nd a certain paper called the ‘ Reis 
Circular,’ dated the 9th of August, 1865, and printed 
at pages 43 and 52, /bid. 


‘The apparatus consists of two parts, as may be seen in the 
wood-cuts above, the telephone proper A, and the reproducing ap- 
paratusC. * * * 

The galvanic current then goes from B to the binding post d, 
from there through the copper strip to the platina disk in the centre 
of the membrane, then through the foot ¢ of the angle towards the 
binding post B, in the small hollow of which a drop of quicksilver 
is inserted. From here the current goes through the small tele- 
evraph apparatus ef, then to the key of the station C and through 
the coil surrounding 7 back to RB. 

If now sufficiently strong tones are produced before the mouth- 
piece, their vibrations will put in motion the membrane and the 
angular little hammer which lies on it; for every full vibration the 
circuit is once opened and again closed, and thereby are produced 
at station C in the core of the coil just the same number of vibra- 
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tions which are there perceived as tones or as combinations of 
tones.” 

‘* * * SB y agreement between the two stations simple signals 
can be given by opening and closing the circuit 1, 2, 3, or 4 times, 
é.g.. one stroke—sing; two strokes—SPEAK, ete.” Reis and 


sourseul Publications, pp. 52, 538, O., pp. 1909, 1910. 


Nothing more than these words is needed to show pre- 
cisely what was the error of Reis. He was under no 
error as to what was requisite to be done in the electric 
current or by the electric current. He knew, using his 
own language, that it is necessary to produce 
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‘“at station C in the core of the coil just the number of vibrations 
which are there perce/ved as tones or as combination of tones.” 


His error was in supposing that when the circuit is 
opened and closed it is possible to produce “ at station 
C” such vibrations as will be ‘‘ perceived as tones, or as 
combinations of tones,” and that his transmitter did 
so operate when actually transmitting speech and other 
sounds having form and quality. As the air particle 
vibration has, at the two extremities of its journey ap- 
parent points of rest, where it ceases a forward motion 
for a long enough time to begin a backward motion, 

teis had perhaps, reasoned that his instrument, when 
engaged in transmitting, had also such a point of rest ; 
that is to say, that the membrane moved forward as far 
as the force behind impelled it, and then for an instant 
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stopped, and then moved backward as far as its elas- 
ticity would carry it, and then again stopped, and 
again moved forward. At the end of each of these 
journeys he had reasoned—perhaps—that there was a 
point of rest, and had erroneously assumed that his au- 
tomatic machine did automatically open and close the 
current at this point. 

Whether it did or not was indifferent, since he had 
done nothing to bring about or to control or prevent 
any such opening and closing, except to call into 
action a law which no reasoning could change. 

In these inferences we now think he was probably 
mistaken,—but still it is not certain. Had he known 
that he was mistaken, what could he have done, except 
to adjust the screws and springs more tightly in the 
Reis-Legat, or,—in the case of the gravity machine,— 
weight the upper electrode more heavily? And this 
would have required nothing more than the exercise of 
ordinary mechanical skill and judgment. He would 
have omitted these words from his paper, it is true, but 
he also would have continwed to speak to his transmitter 
and listen at his receiver, relying upon the adjustment, and 
automatic action of the machine under irreversible laws 
of nature, for all that was to happen intermediately. 

teis’s telephone was sufticiently operative, according 
to the statement in the Legat and Reis papers, and the 
proots in the case, to have sustained a patent, and to 
anticipate a subsequent invention. 

Pickering vs. McCullough, 104 U.S., 319. 
Woodman vs. Strupson, 3 Fish, P. C., 98. 


The generic principle is, that electrical energy may be 
controlled by the energy of sound waves, and that such 
electrical energy may, through the agency of an electro- 
magnet, be re-transmuted into mechanical action of a 
diaphragm, and thus, into other similar sound waves. 

If Reis and Legat, with Bourseul, had in 1864 ap- 
plied for a U.S. patent with broad claims for the art of 
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transmitting vocal and other sounds teleyraphically by 
electricity in the manner and with the apparatus shown in 
the Leeis-Legat paper, can it be doubted that they would 
have obtained it? Or that Bell, coming after them, 
would have obtained more than a patent @imted to his 
magneto apparatus and method ? 


[lad they taken out such a broad patent for the discov- 
ery of the “art” of “ transmitting,” e., “ vocal and other 
sounds,” can it be supposed that any errors of opinion as 
to the automatic or natural function of the machine would 
have impaired the validity of the patent ? 

St. Louis Stamping Co. vs. Quimby, 4 Ban. 
& Ard., 192. 


PROBLEM. 


Thus did Reis set the problem to himself and the 
world: How SHALL WE MECHANICALLY TAKE UP AND CON- 
TROL THE AIR VIBRATIONS ACCOMPANYING ANY SOUND OR 
SOUNDS, AND BY THEIR OWN ENERGY CREATE ELECTRICAL 
ACTIONS CORRESPONDING TO THEM; AND AFTERWARDS BY 
THE ENERGY OF THESE ELECTRICAL ACTIONS CREATE OTHER 
AIR VIBRATIONS WHICH SHALL BE SO LIKE THE FIRST AS 
TO PRODUCE IN THE ORGAN OF HEARING THE SENSATION OF 
TONE WHICH WOULD HAVE BEEN PRODUCED IN IT BY THE 
ORIGINAL SOUND OR SOUNDS ? 


The problem was mechanical. 

It was not, What sind of electrical action will be 
needed. ‘That was known. | 

If one had said to him, you need electrical changes 
or “undulations similar in form to the air vibra- 
tions accompanying the sound” (Beil’s 5th Claim) ; 
ample reason is furnished by his writings for believ- 
ing he would have said, ‘‘ Yes; that is what I have ex- 
plained! Thatis what we shall have by the lawof nature 
as Aladdin summoned 


whenever we get speech, but 
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SEVENTH. 
Microphones and Microphonic Action.” 
We shall now consider 
1. The microphonic action of the modern commer- 
cial transmitter, and its genetic relation to the Reis 


transmitters, especially the Reis-Legat. 


2. Mechanical characteristics of Reis’ instrument; and 
the changes in construction requisite to make them good 


speech transmitters—at least equally good with Bell’s 
Fig. 7. 


See for this Appendix, No. 2. 


3. Proofs that Reis instruments did talk in his time ; 
and that they will now—with proper and reasonable 
care—talk sufficiently well to disprove the idea that 
the “new art” (fed. fep., VIIL, p. 511; XV., p. 455 ; 


*A difference of opinion prevails among physicists regarding the 
real cause of the microphone action. Some, and these of the high- 
est authority, hold that the action is due merely to the variations of 
resistance due to variations of pressure at the surfaces of contact of 
the carbons. It is difficult, however, to see how this can be the 
whole or even the main cause of action, for we must remember that 
the surfaces of the carbon in contact are continually changing in 
virtue of the minute electric arcs which must take place between the 
points of carbon which are just clear, and no more, of contact. 
And if the surfaces in contact are thus perpetually changing, it is 
hardly possible that the pressure between them could vary accord- 
ing to any law sufficiently regular to account for the transmission 
of articulate speech. It seems highly probable that the microphone 
is more of the nature of a very refined make-and-break, and thus 
analogous to the Reis transmitter, but only immensely more deli- 
cate. Asa matter of fact, we know that when the microphone is 
used to transmit musical sounds of a definite pitch, it does act as a 
make-and-break, for sparks can be seen between the carbon points : 
and there does not seem to be any good reason for supposing that- 
this make-and-break action ceases, and a perfectly different action 
comes into play when the instrument is used to transmit articulate 
speech. 

Ferguson’s Electricity, W. & R. Chambers, London 
and Edinburgh, 1882, p. 396. 
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J. J., Gray & Lowe.) of speech transmission remained 
to be discovered by anybody after Reis’ time. 


The microphone consists, physically, of two elec- 
trodes placed normally in contact, with a slight pres- 
sure, and forming part of a circuit supplied with a 
current from a battery. 

The principle of the microphone is the principle of 
a loose joint. 

The following outline of the operative parts of the 
principal variable resistance transmitters may be re- 
ferred to. 

There is no attempt to represent the size of the 
parts correctly, and the engravings are necessarily very 
coarse. 
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No. 1 is a Reis Bored Block Transmitter, with an 
adjusting screw. [There is some uncertainty when this 
adjusting screw was added, but that it was added to 
some instruments is shown by the testimony of Ru- 
dolph Messel, New Jersey McDonough case] (pamph- 


let). 
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No. 2 is a Reis-Legat Transmitter. 
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No. 3 is the Reis Gravity or Cubical Box Trans- 
mitter, in which the operative parts are laid horizon- 


tally. 


No. 4 is the 


3erliner Transmitter, and 


on 


I 
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No. 5 is the Blake Transmitter. 
In each one of these, there is a loose contact be- 


tween the electrodes. 


The modern receiver, by its perfection, likewise re- 
veals the perfection of the ancient Reis transmitter 
as a current moulder.* That transmitter crossed with a 
cood receiver always produces speech. 


See infra. 


*That the transmitter ‘‘moulds” the electrical current into a 
substantial conformity to the form of air vibrations is amply proven 
by its successful use with other receivers. Such moulding, we are 
told, is the essence of Mr. Bell’s invention. The uncertainty and 
feebleness of tone of the Reis apparatus as a whole appears to have 
been principally due to the lack of sensitiveness in the receiver. It 
is as if one with a fine clear voice should deliver for re-delivery, a 
message to another who hears imperfectly, understands imperfectly, 
and speaks imperfectly. In such acase we might be dissatisfied 
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The history of Prot. Hughes’ microphone is interest- 
ing. He was using a strained wire as conductor, 
and, listening at this wire, ‘“ to detect any change that 
might occur when the wire was spoken to, or set into 
transverse vibrations by being plucked aside.” 

Finally, by overstrain, he broke the wire, and at the 


¢é 


instant of breaking, heard a peculiar ‘“ rush” or 


sound. He then sought to imitate the condition of the 
wire at the moment of rupture, by replacing the broken 
ends, pressing them together with a constant and 
varying force by the application of weights. His own 


necount 1s : 


‘* Tt was found that if the broken ends rested upon one another 
with a slight pressure, of not more than one ounce to the square 
inch on the joints, sounds were distinctly reproduced, although the 
effects were very imperfect. | 

‘* Tt was soon found that it was not at all necessary to join two 
wires endwise together to reproduce sound, but that any portion of 
an electric conductor would do so * * * provided one or more 
portions of the electrical conductor were separated, and only 


9 


brought into contact by a slight but constant pressure. 


At this moment Mr. Hughes had discovered the 
Reis- Legat transmitter, and the transmitter of the 
Reis gravity machine, which are normally “ brought 
into contact by a shght but constant pressure,” which 


with the result, but could certainly not say of the first speaker that 
he is an ‘* inoperative ” speaker. 

We are compelled to contrast the perfected telephone of to-day 
with the unperfected telephone of Reis and Legat. 

The improvements of Edison and others (stimulated by great re- 
wards) upon the very instrument and idea of Reis, belong to the 
complainant. In truth, their existence—they being loose contact 
instruments—proves the virility of the stock from which they spring. 
And yet they stand disguised in a false livery—as elements of a 
‘* Bell” telephone apparatus. They are in fact improved Reis tele- 
phones owned by a Bell Telephone Company, which has judiciously 
abandoned Bell’s own device and method (Q., 1501, 2, 3). 


116 


pressure remains constant, in the operation.of transimit- 
ting unless spoken to too loudly. . 

Thus we see the independent origin of the micro- 
phone transmitter in two places; in Germany at 
the hands of Reis,and in England at the hands of Prof. 
Hughes. Our American investigator (Hughes) brought to 
the phenomenon a fullness of study, exceeding that of 
the German however ; and pursued his investigation of 
what occurs just at the contact point of the electrodes 
to more specific, though not more exact, conclusions. 

The improved microphone transmitter of commerce 
(such as Blake’s or the defendant’s), is one which varies 
its pressure with greater delicacy of movement than 
was possible to the broken wire of Hughes’, or the more 
elaborate metal lever and contact strip of the Reis- 
Legat. 

Besides, it employs carbon—first suggested by 
Edison about 1877—the action of which is 
not understood, but which is found most suitable for 
one electrode in an open and close circuit—which is to 
operate automatically, but which in doing so will prob- 
ably be closed more than it will be opened.” 

Spencer Case, p. 132, Cross-Int. 58, O., p. 


*The two springs of the Blake transmitter are doubtless what 
make it most preferred mechanically. It has four yielding points 
of contact instead of two like the Reis-Legat for instance. 

The defendant’s transmitter has sixteen such points of contact. 

This is an improvement in mechanical construction simply, and 
one of those which in the opinion of Judge Lowe tu (Spencer Case, 
VIII. Fed. Rep., 458) could not have availed with a ‘‘ century of 
Reis” to produce articulate speech. 

It has prevailed; and has produced articulate speech by the mi- 
crophonic method—a method unconceived of by Mr. Bell, except as 
he saw it in the devices of Reis. 

Naturally enough Prof. Hughes regards himself asthe inventor of 
microphonic action and says: 

‘* Reis in 1860, showed how, by the movement of a diaphragm, 
intermittent voltaic currents could be transmitted, agreeing in ex- 
act number with the sonorous waves impinging on the diaphragm, 
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and thus reproducing music at a distance, by causing an electro- 
macnet to vibrate in unison with the diaphragm; * * * 

Ifere Prof. Hughes distinctly states that ‘‘ Reis * * * showed 
how * * * currents could be transmitted, agree‘ng in exact num- 
ber with the sonorous waves * * * ” (Mol, Rec., p. 214; O., p. 1469). 

It is by this kind of talk that Philipp Reis—dead and un- 
friended—has been ‘‘ talked” out of his just fame. 

The Court has but to refer to the Reis paper to see what is the 
sole justification for this form of statement—a form appropriate, 
if Reis had indeed demonstrated some particular fact, as facts are 
‘*demonstrated” before being placed among the received facts 
of science: but improper for the exact truth, that Reis was not 
trying to make any demonstration whether the current does or 
does not break. What he was trying to demonstrate or ‘‘ show ” 
was that his apparatus would transmit sounds of various kinds. 
What he says is: 

‘* Tn this way each sound wave causes a breaking and closing of 
the current.” 

Reis and Bourseul Publications, p. 16; O., p. 1871. 
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Assuming that ‘‘ sonorous vibration”? means the same thing as 
‘* sound wave ” (which is much greater than air particle vibration), 
the expression is evidently a statement of opinion upon a matter 
where no opinion was really called for, and to have left which out 
altogether would not have impaired the sufficiency of the paper as 
au guide to a skilled person in making and operating the apparatus. 
The only persons who would have suffered in such a case would 
have been the experts of Bell, who, thus deprived of one, must 
have devised or found some other false signal by which to confuse 
the student of the subject. As a matter of fact it was not true, as 
we have seen, that his instrument operated in that way when pro- 
_ducing speech; and Reis was wrong; though the error was without 
influence in his success or his failures. What ‘* ailed” Reis was 
that he was born too soon; that he brought out his invention in 
1861 instead of 1876; that he did this in Germany, and not in 
America; that he did not seek a Yankee mechanic to balance the 
parts of his apparatus. 

The ‘‘ microphone” is specifically, a certain device, consisting of 
a bar of carbon resting loosely its two ends into hollow cups of car- 
bon. Concerning it Prof. Hughes said in another paper (Mol. R., 
p. 219, O. p. 1474) : 

‘* The problem which the microphone solves is this: To intro- 
duce into an electrical circuit an electrical resistance, which resist- 
ance shall vary in exact accord with sonorous vibrations, so as to 
produce an undulatory current of electricity from a _ constant 
scare.” * F * 

In the discussion following Mr. Preece’s lecture upon the micro- 
phone, in London, May 23d, 1878 (Mol. R., p. 249, O., p. 501). 
Professor Bell said : 
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‘* No one can more heartily congratulate Professor Hughes upon 
his great discovery than I do. I think all those who investigate tele- 
phonic effects will realize that we have touched upon the threshold 
of a new science, and that we have discoveries yet in store for us.’ 

Mr. Bell did not think then of making the claim which his coun- 
sel have since made for him that the microphone is only @ subordt- 
nate element of Mr. Bells own discovery of the variable resistance 
method of making undulations. 

At the conclusion of his explanation of the action of the new in- 
strument, he says : 

‘* T will not take up your time with any further remarks, but 
will merely again offer my congratulations to Professor Hughes 
upon his discovery” (Mol. R., pp. 249-251, O., p. 503). 

The microphone has not taken that place in telephony which 
was expected, and the business is carried on by instruments 
which are not microphones (strictly), but which operate by what 
is now called ** microphonic action.” 


Every instrument operates by microphonic action 
which varies the resistance in a current by variation 
and if it does this un- 


of pressure between electrodes ; 
der the influence of sound waves, and in aecord with 
their variations, it is a telephone transmitter. Leav- 
ing out of consideration for the moment other Reis in- 
struments, the Reis-Legat is an instrument. operating 
by microphonie action and provided with all the regu- 
lating and adjusting means necessary to make its oper- 
ation complete. It is one of the instruments which 


Judge Lowell said would not, by a hundred years of 


mere improvement in mere construction, produée a 
telephone. 

We must now contrast Judge LOWELL’s witty but mis- 
chievous saying with the truth about the Reis-Legat 
receiver in order that this Court may determine 
whether any other than permissible changes in con- 
struction are needed to make it operate fairly well by 
microphonic action to transmit speech. 

We have pictures of the Reis-Legat instruments 
which are said to be one-third of the natural size. 

These are not working drawings, and while there is 
no reason to doubt that they are sufficiently accurate 


pictorial representations of instruments actually made 
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and used, yet it should be understood that they have 
not been promulgated in any such way as to bind the 
judgment and common sense of any operator in respect 
to specific sizes and dimensions of parts. 


ii 


1. The tone transmitter consists of a conical tube 
about fifteen centimetres in length, having a front open- 
ing of about ten centimetres and a rear opening of 
about four centimetres. 

9. The narrow end of the conical tube is covered 
with a collodion membrane. 
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3. A curved lever ¢ d@ is suspended in such a way 
that one end of the lever rests on the collodion mem- 
brane and the other rests against the spring y, and is 
to be ‘ kept in electrical connection” with the metallic 
conductor. 

Reis & Bourseul Publications, pp. 32-35 ; 
O., pp. 1888, 1889. 


The language here used is somewhat obscure, but 
upon examination it is clear that no electrical connec- 
tion can be maintained except through contact of the 
lever at d with the spring g, and therefore we must re- 
gard this as a statement that when operating as well as 
when at rest, the lever at its upper end 7s to be kept in 
electrical connection with the metallic conductor by means 
of a closed contact with the spring g, which is a part of 
the conductor; and that all other suggestions or in- 
structions are to be understood in subordination to this 
fundamental condition. * 

4. The proper lengths of the respective arms of the 
lever c e and e d are not given, but it said that they are 
to be regulated by the laws of the lever. 

5. The object to be attained is named. It is “in 
order that the least motion at c” (the membrane) ‘‘ may 
operate with greatest effect at d” (contact point). 

6. We are also told with the same purpose in view 
that, “‘ It is also desirable that the lever itself be made 
as light as possible that it may follow the movements 
of the membrane,” and that, ““ Any inaccuracy in the 
operation of the lever cin this respect” (that is to 
say, any failure to follow a// the movements of the 
membrane) “ will produce false tones at the receiving 
station.” 

7. When in a state of rest the contact at d g is 
closed, and a delicate spring x maintains the lever in 
this position. 

No other directions or limitations are expressed 
which should prevent any person relying on that draw- 
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ing (facing, page 52, O., p. 1888) from modifying it in any 
way Which he might by experiment find necessary to 
accomplish its professed object. 

That liberty has been taken by various persons—with 
the result that they produce speech. 

Some of these instruments were exhibited to the Com- 
mission convened by the Secretary of the Interior. It was 
strenuously objected for the Bell Company, that these 
were “ false reproductions ” of the Legat receiver. 

It is thought useful and proper to quote the pub- 
lished arguments and objections upon these points ; 
and it is believed that nothing more need be cited to 
maintain two material propositions ; 

Firstly, that with sight changes in construction the 
Reis-Legat instruments will successfully transmit 
speech ; 

Secondly, that when counsel for the Bell Company 
say that those instruments wild not, their real meaning 
is that they must not talk, and 

Thirdly, that the motive of the reason is not that the 
modifications requisite to make the instruments speak, 
are beyond the scope of the published invention, but 
simply, and naively, because it will be inconvenient to 
important established interests if they are permitted to 
speak. 


EIGHTH. 


The Reis Telephone will talk. 


‘A century of Reis would never have produced a speaking telephone 
by mere improvement in construction.” Lowe 1, J. 


Before proceeding to consider what actual changes 
have—by the clear admission of complainant’s coun- 
sel—sufficed to make the Reis-Legat a talking tel- 


ephone, it will be instructive—if not in respect to the 
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science of physics, at least in respect to the just value 
to be given to the complainant’s views—to consider (1) 
Professor Cross’ ideas about mechanical deficiencies and 
their effects; and (2) Mr. Bell’s “improvements,” by 
which he at last attained speech with his very imperfect 
and disappointing, but nevertheless, patented apparatus. 


(1) (Cross-Q. 53, Mol. R., p. 1915): 

‘‘Ans. In an absolutely perfect apparatus there would be exact 
similarity between the acoustic and electrical undulations, and they 
would be represented by exactly similar curves. 

‘‘In proportion as this theoretical perfection is departed from 
the result becomes less and less satisfactory. 

‘* An extremely slight departure from theoretical perfection im- 
pairs noticeably the operation of the instrument, and changes which 
would be scarcely evident to the eye, if the curves representing the 
vibrations were represented on any moderate scale, would probably 
render the instrument nearly or quite useless for the practical trans- 
mission of speech.” 

‘* The same conditions hold here that hold in an acoustic tele- 


phone.” 


‘* Tt is evident, however, from the effects on the ear of a listener 
at the receiving instrument when the Reis transmitter is spoken into 
in such a way as to prevent the circuit from being broken, and so to 
act as a microphone rather than as a circuit-breaker, that the undu- 
lations are much smaller than when the same strength of voice is 
used withthe instrument shown in Fig. 7 of the Bell patent, No. 174, 
465, or the ordinary magneto or the commercial telephone.” Dol. 
Rec. p. 516. 


> 


See also Appendix, No, 3. 

(2) Prof. Bell applied, on the 20th of January, for a 
patent on an instrument (which he now tells us is a 
speaking telephone, but) concerning which he said 
(Mol. R. facing 2083) on the 28th of December pre- 


ceding it. 


‘*The varying pitch of the voice could be discriminated, dut not 
the quality. A sort of muttering effect was perceived at the re- 


> 


ceiver, and when a person talked very loudly at the other side.” 


He proceeded after obtaining his patent for that de- 
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vice to make improvements im it until on the 28th 
of February, 1881 (Interference Case, Vol. III.), he was 
able to testify as follows: 


‘Int. 39. I wish you would compare your magneto telephones 
which are in commercial use to-day with the magneto telephones 
which you used at the Centennial on June 25th, 1876, and tell me 
whether those of to-day do or do not practically transmit speech 
* with greater perfection than those used at the Centennial ?” 

‘‘Ans. They do transmit speech with greater perfection.” 

‘Int. 40. Will you tell me whether the difference between them, 
which leads to this difference in practical results, consists in a 
change in the mode of operation from that described in your patent 
174,465, and set forth in the report of the Centennial Judges, or 
whether it consists in improvements in the construction of the in- 
struments without change in the mode of operation ?” 

‘Ans. It consists in tmprovements in the construction of the 


instruments without change in the mode of operation.” 


Taking the proofs of the actual performance of the 
Reis instruments as shown by the witnesses Bohn, 
Hold, Schmidt, Hauser, Messel, ef a/., (N. J. McDon- 
ough pamphlet) by whose evidence it is proven—in a 
way which must be satisfactory to all but those who 
will not be convinced—that words and sentences were 
transmitted—let us now see what ghanges (thought by 
Mr. Storrow to be non-permissible) have been made to 
insure the Reis-Legat being a fairly good speaking tele- 
phone. 

Mr. Storrow’s argument before the Department of 
the Interior, page 109, says (italics, &c., being ours) : 


‘“‘Tf I have a given apparatus, and weight it a little more, the 
same force will no longer make it break. On fhe other hand it is 
perfectly possible if you do not weight it any more, but make the 
force much feebler, that it will not break. Or without changing 
the weight or the force, you can make that diaphragm stiffer, and 
the same blow will not bend it enough to throw the hopping piece 
up and make it break. Whether it performs the breaking opera- 
tion, or the contact-preserving operation, depends upon the rela- 
tion between the force applied, the elasticity and the stiffness of the 
diaphragm, and the weight up above. Those are the factors. You 
can readily see that in so delicate an instrument as one to be oper- 
ated by the voice a very little change in one of these factors may 
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change the relation, and consequently the kind of operation en- 
tirely. 


Thus he says that the instrument will talk, but— 
hy imptlication—that if LUST not. 
Mr. Storrow. //id/., page 117 


‘* This other instrument is what our opponents produced and 
called the same thing. There is a spring which they wish you to 
believe is the preceg (1). The bar 7 has two screw holes. I do not 
know which hole they put the screw / into, but I think in the lower 
screw-hole. There are two screw-holes here in their instrument, 
and I should not think it made much difference, because with that 
long slender spring all parts of it vield. There is a long slender 
spring with a weight and carbon on the end. Why, sir, that is just 
the Blake transmitter spring. It is of the same length and _ stiff- 
ness, both are No. 51 Brown, Sharp Guage (.009 of an inch); rather 
less weight at the end. Instead of taking this g of the Legat article, 
which is not springy (2) at ald ander the force of the voice, and which 
has no sensible weight at the end, they take the long slender spring 
and «wreighted end standing upright of the Blake transmitter. OF 
COURSE, [IT WILL TALK. Itisan infringement of the Blake patent. 
They claim that this instrument is the same as that of Legat, and their 
whole case depends upon that. That is what they laid before the 
District-Attorney at Memphis, and said that it would talk. /¢ would 


a surprise if it did not. You see now the difference in construc- 


tion between their fu/se ‘nstrument and the true Legat. They use 
that watch spring instead of this thichish bar g (3). As you see readily, 
from the angular shape of g in the drawing, it is not an elastic 
spring (4); it is just a piece (4) that vou can spring out enough with the 
screw A to adjust it, while here, in their false * reproduction,’ it is a 
delicate spring. There is another difference in this false instrument; 


1) ** Upon the standard / is arranged a spring g.” (Reis-Bour. Pub., p. 33). 

Inthis way by a system of graduated mis-caliing, counsel finally, as will be 
seen, gets to speaking of this **spring”’ as athickish bar. From this to a 
fine indignation when the mechanic deals with the spring as a “spring,” and 
notas a *“thickish bar’ we have the whole theory of the owners of Bell’s 
patent concerning the Reisanticipation. It must not anticipate, and, there- 
fore, does not. 

2) The small piece at d, drawn to scale, would have a very appreciable 
weight. 

3) There is nothing to show that gisa *thickish bar.” If it were nota 


spring, there would be no use for the screw /, as the spring n would be amply 
sufficient to hold the lever against a rigid piece. But it is by the balancing 
of the two springs 9g and » that the lever is made to *“*follow the movements of 
the diaphragm accurately. 


t) Legat says: ** The position of g is regulated by the screw /.” 


there is a weight at the end as in the Blake, perhaps not quite so 
heavy: that is another difference between their instrument and the 
true Legat. Of what material is this weight? Of all the materials 
that have been used for the electrode or contact-piece of a micro- 
phone or speaking telephone, none are so good as carbon. It is not 
quite certain why, but it is found in point of fact that carbon is far 
better than any other material whatever. Blake points this out and 
uses it. Platinum is about the worst. For a circuit-breaker plati- 
num is the best, because the spark does not melt it, and with a cir- 
cuit-breaker there is generally a spark: but for a circuit prescrver 
or microphone the carbon is far the better; so instead of platinum, 
which Legat had, they put on carbon (5). 

‘*The other false Legat transmitter, which they have somewhere 
around here, is essentially the same, and I think does not differ at 
all from this, except that they have got the weight of brass instead 
of with carbon. It would not be so good an instrument as that 
with carbon, but it has the feature of the Blake which enables the 
instrument to preserve contact under the influence of the voice, and 
thereby avoid that make-and-break which Reis’ own instrument 
shows, and which Reis says he constructed his instrument for the pur- 
pose of performing (6). 

‘* THe CoMMISSIONER: You said that this would not break ?”’ 

“Mr. Strorrow: You can make it break. But it has a weight, 
ascrew andaspring. J should think there could be no trouble tin 
speaking to that gently enough to transmit specch without breaking 
with a good receiver. 

‘* That spring 7” in the corner, between the S lever and its long 
supporting arm, is described by Legat as a very l/ght spring (7). That 
in their instrument is very st/7f as compared with any force the voice 
could exert upon it, and, therefore, tends to preserve contact and pre- 
vent breaks. 

‘* The stiffness of the spring 7 is of considerable importance as 
regards the question whether the instrument will break the circuit 
as Legat described, or preserve it as Blake intends (8). When the 


(5) Here they follow Hughes and not Bell. 

(6) Reis nowhere says that he constructed his apparatus for the purpose of 
breaking contact. He simply states that it does break. Nobody knows that it 
does not do so when transmitting: though the favorite theory is that it 
does not. 

teis does tell what he made his instrument for, or, at least, states the 
principles in accordance with which he made it. 

(keis-Bour. Pub., p. 14), ** AS soon then,” &c. ‘* With the above principles 
as a foundation,” &c. 

(7) Legat says * delicate,” not very light, nor ** very delicate.” It is to per- 
form a certain duty, 7. e., maintain contact when the lever is at rest, and that 
alone must govern its weight, &c. 

(8) The sole function of n is and must be to maintain contact. 
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apparatus of the Legat drawing is at rest, the lower end ¢ of the §S- 
shaped lever touches the stretched diaphragm. * * * If the 
spring 2 be very delicate, then there is nothing to prevent the thin 
collodion membrane in its outward vibration from imparting the 
full extent of movement to the S-shaped lever, and certainly break- 
ing contact at @. That is what Ress ‘ntended (9) and what Legat 
deseribes. To iNsurethis the bracket piece g must be soarranged that 
it will not follow up the retreating upper end of the S-shaped lever 

10) (A)—that isto say, it must be so st/7fthat when the screw / has 
adjusted it to a certain point, it will stay there and not be moved by 
the action of the voice, when, now, the diaphragm, which is of thin 
collodion, being in the normal position of a perfectly plane surface, 
begins, in obedience to the rarefaction inside the cone to retreat 
into the cone, the lower end of the S-shaped lever cannot follow it, 
hecause the upper end is stopped at d, and the spring 7 being delicate 
will not bend the stiff bracket g back towards / so as to allow any 
such movement (11). The consequence is, that the lower end ¢ does not 
follow back the retreating membrane, and that half of the vibration 
of the membrane has no effect on the instrument. This is of no im- 
portance for the transmission of p/teh, because, as the bulging out 
half of the motion surely breaks the circuit at each vibration, that 
is all that Res ‘ntended, and all that the transmission of pitch re- 


quired. But if you wish to transmit speech, which depends upon 


9) If Legat had wished to insure his instrument breaking, he would have 
rurned his lever the other side up, and we can assume that he knew enough 
| 


Poor Tevers TO arrane 


»his instrument so that it would do the work he wished 
it to perform. There is much talk about what Reis jntended to do. Legat and 
Reis tried to explain their theory of the operation of their instruments. The 

, 1} 


miv ** intention ’ of which we have evidence is the intention to transmit all 


sounds upon this false premise , the superstruct ure of objection to Reis is based. 


itis a hold and consciousle ss assumption. 

10) If g was =tiff tf would remain where it was, and no screw 7) would be 
necessary. Theresult would have been accomplished by 7 alone. If the ex- 
lanation of counsel is correct, g must be stiff, in order not to be knocked out 
if place by the ligh? lever urved by the delicate spring ». The remark that the 


lower end of the S-shaped lever cannot follow the retreating membrane is a 
ittle unfortunate, because the fact that it cannot insures a closed circuit for so 
much longer period. It is the pressing ov/ of the membrane that breaks the 
circuit, 


of vibration, for it takes a larger movement at the membrane to produce even 


smaller separation at d. They must turn Legat’s instrument upsidedown to 
support this theory. 

Here again the complaint is that Legat’s machine is made so as to conform 
to his explicit direction. 

\) [fis not easy to realize the audacity of this method of reasoning in 
the face of Legat’s words: ** It is also desirable that the lever itself be made as 
light as possible, (hat it MA ¥ foliorr the movements of the membrane ec. <Any 
inaccuracy in the operation of the levere din this respect will produce false 


fones at the receiving station.’ 


1] Legat says ** the lever ¢d follows the movements of the membrane.” 


if it does break, and this can only be for a very small part of the time, 
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altering it continually and ¢n accordance with the variations during 
every part of each vibration, you must have the movement of the 
diaphragm during every ‘nstant, impressing itself upon the electri- 
cal contact. If we are going to arrange this instrument, therefore, 
so that it il] speak, we must have the parts such that the lower 
end of the lever at ¢ will sudstantially always be in contact with the 
diaphragm, and, therefore, partake of the whole of its motion and 
every part of it, and that the upper end at d will not break. It will 
be obvious that this can be accomplished by altering the bracket g 
from a lar too stiff (12)to be moved by the voice to a watch spring, such 
asisusedin Blake, and by making the spring 7 in the corner so stiff, or 
with such a strain upon it, that it will slightly overcome the springi- 
ness of the watch spring substituted for g, and al/ow the lower end 
of the S-shaped lever to follow up the retreating movement of the 
diaphragm (page 119). 

‘* Now, that is precisely what the petitioners have done in their 
false Legat transmitters, and unless they had done that their ap- 
paratus would not transmit speech wnder any ordinary cireum- 
stances. 

‘This is the receiver, produced by them asa copy of the Legat 
findicating]: the difference between this and the true one is not so 
creat asin the case of the transmitter, but consist chiefly in this. 
The original receiver has a slender spring there ato; this false one 
has a very stiff one. (15) 

‘«The difference is that with a very stiff spring you can adjust 
the armature very close to the magnet, put it under a greater strain 
by the straining screw and get a sort of tremulous vibration all over 
the board 7, just as you do in the diaphragm of the modern tele- 
phone, instead of the springing vibration, and that it makes it a much 
better instrument for speech; you are much more liable to get 
speech through it, * * * Sospeech can only be got out of a 
Legat receiver [even when coupled with a Blake microphone] by 
using it, as Reis did not use it, 7. e., pressing it to the ear instead of 
placing it on a table. It is in order to do this that the false 3 has 


been made” (pp. 120-122). 


(12) Legat says nowhere that it is **too stiff to be moved by the voice.” 

(18) Whether the spring were heavy or light the tension would be regulated 
by the screw. 

(13) The cut of the original shows, on the contrary, a stiff spring, and, if it 
did not, it is not to be expected that a picture-maker would be so careful in an 
article intended to give merely an idea of the working of the instrument, as to 
indicate the size of the spring. The draughtsman would draw the spring just 
as it happened. The only thing to consider is that the means chosen shall do 
the work intended for them, which was to get the right tension on the up- 
right 7. 
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Thus the case stands upon counsel’s objection to 1m- 


provements ; 


1. 


Bell (having a patent upon a practically useless 
device) objects to the use of a Reis telephone, unless 
it be operated so as not to transmit speech. 

The ground is that in his patent he has stated (a 

well-known fact) that certain electrical effects 
which he chooses to call undulations may be 
caused bv varying the resistance in an electrical 
circuit; and that that may be done by certain 
methods (no apparatus being pointed out) no* em- 
ployed or capable of being usefully employed in 
any known system of telephony. 
On being confronted with a Reis-Legat telephone 
(as to which his counsel are compelled to say, “ Of 
course it will talk”) he declares it a ‘false repro- 
duction !” 

Upon looking into the specifications which are 
to support this charge, we find that they consist in, 


first misquotinge what the Reis-Leeat description re- 
: Oo oD 


quires ; secondly, in making misleading contrasts 
of the misquoted words, with the exhibited me- 
chanical improvements in the apparatus; thirdly, 
in misrepresenting Reis’ opinions touching the 
function of his apparatus when transmitting speech, 
as being ‘intentions,’ “requirements,” ete. ; 
fourthly, in insisting that notwithstanding the 
paper gives directions to be followed in order that 
the lower lever end ‘‘ May follow the movements of 
the membrane” (Reis & Bourseul Publications, p. 
33, O, p. 1890), it is an offense against the patent 
laws so to adjust these parts as to “ allow the 
lower end of the S-shaped lever to follow up the re- 
treating movement of the diaphragm” ; jfifthly, to 
complain—uncandidly—-that the whole is only “a 
slightly modified form of the moder speaking 
telephone, when the truth is that the modern tele- 
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phone is but a slightly modified form of Reis’ ap- 
paratus. 


Some of the testimony by those who have actually 
heard speech with Reis will be added here, along with 
some of the expert testimony as to when and how those 
instruments will so transmit. 


Prof. Chas. R. Cross, Spencer Rec., p. 131-132, O, pp. 


3956-3959, Cross-Int. 57, 58 and 59, with answers. 


‘*x-Int. 57. Suppose a Reis transmitter of the form shown on 
page 10 or page 13 of said Prescott’s work is spoken ‘nto so softly as 
not to cause any actual separation of the electrodes, will not such 
transmission act so as to vary the electric current so as to produce 
in such current an undulation corresponding tn form to the sound 
spoken into such transmitter ? ” 

‘‘Ans. When operated in the manner described the transmitter 
figured on page 10 77ll do this.” 

‘¢x-Int. 58. In your opinion, will the efficiency of the Reis 
transmitter vary with the kind of material which is used for the 
electrodes ? ” 

‘‘ Ans. For use as a Reis transmitter the efficiency is doubtless 
much influenced by the nature of the electrodes, which is well 
known to be the case with all circuit breakers.” 

‘« x-Int. 59. Suppose a Reis transmitter of the form shown on 
page 10 of said Prescott’s work is spoken into so softly as not to 
cause any actual separation of the electrodes ; will not such a trans- 
mitter produce in the electric current in the line a series of undula- 
tions corresponding to the ‘ quality’ of the sounds spoken into 
such transmitter. I use the term ‘quality’ in the sense in which 
you have used it in speaking of the characteristics of sound vibra- 
tions ?” 

‘Ans. It wILt.” 


See also Prof. Cross, N. J. McDonough Cases, 
x-Ints. 118, 120. 


It is to be noted that the witness is speaking of his 
own reproductions of Reis instruments previous to Jan- 
uary 27th, 1881 ; what he may have done since then 
with other reproductions, or what he might do if he 
really desired to succeed, we do not know. 
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Deposition of Prof. Chas. R. Cross, Dolbear Rec. 


‘‘ Have experimented with the Reis transmitter and Reis re- 
ceiver and Reis-Legat. Have ‘mained that 1 heard and understood 
words and sentences but found on inquiry ”’ from whom we are not 
told) ‘‘that they were totally different from those spoken into the 
transmitter’ (page 502 

‘‘Tt is possible with the Reis transmitter to produce electrical 
undulations similar in form to the sound waves producing them ” 
(p. D908). 

‘‘It is possible, by using a very powerful modern microphone 
transm'tter, to produce electrical undulations so powerful that with 
a knitting needle receiver they will produce audible speech” (p. 
509). 

‘I do not deny the possibility that in spite of the endeavors of 
Reis to prevent it, the circuit may have remained unbroken and per- 
haps some sounds have been transmitted by the production of 
electrical undulations ” (p. 515). 

“Tee only sentence which [ heard correctly was, * The sunis shin- 
ing brightly.’ I also recognized the clause, ° Tt is ha! f-past . >” 


(p. 528). 


Prof. Cross, New Jersey McDonough Case 


‘‘y Int. 135. * * * 


** Ans. I have been able to transmit speech intelligibly by speak- 
ing gently into a Reis transmitter in circuit with a Bell magneto re- 


‘+ x-Int. 136. At such time, as you understood it, the Reis in- 
strument is producing electrical undulations similar in form to the 
air waves? 

‘*Ans. It is. 

‘*x-Int. And embodies the invention of Bell’s 5th claim ? 

**Ans. [ understand that it does when so operated.” 

x-Int. 189. Assume now an air wave is to impinge upon the 
diaphragm of the transmitter so as to increase the pressure between 
the electrodes ; that will cause an increase in the strength of the 
current. will it not? 

‘Ans. The strength of the current will undoubtediy increase 
slightly.” 

‘** x-Int. 190. And proportionally to the increase of pressure ? 

‘Ans. Approximately so, at any rate. 


‘*x-Int. 192. By which you mean, I suppose, that there will be 


a substantial reproduction of the sounds, whatever they may be, 
that actuate the transmitter ? 


receiver, like the ordinary magneto receiver, is used.” 


Deposition of Prof. A. E. Dolbear, Dolbear Rec. 


‘* Ans. The sounds will be substantially reproduced if a proper 


‘‘ With this instrument used as a transmitter, I have repeatedly 
heard whole sentences of spoken words, thus proving that the in- 
atrument is competent to transmit speech, whether such changes 
be called vibratory, undulatory or intermittent” (p. 380). 

‘‘The instrument I exhibit [now put in evidence and marked 
Reis Receiver No. 17] is in all respects 
similar to that made by Reis, and with it I have repeatedly heard 
articulate speech,—not simply words, but whole sentences—and 
this demonstrates what was highly probable @ priori” (p. 383). 

‘‘A Reis transmitter differing in no respect from the common 
Reis transmitter except in the substitution of such carbon for the 
mercury I have here. 
transmit speech well, which proves that during the transmission 
there is not a break at the platinum terminals, but that an appropri- 
ate current traverses the circuit” (p. 383). 

Speaking of the Reis-Thompson receiver and the Thompson- 


‘ Defendant’s 


Reis receiver, the Professor says: 


Exhibit 


With this instrument it is possible 


to 


‘Tt is an instrument made to sit 


on the table like an ordinary telegraph instrument, as if Reis ex- 
pected that the sound produced by it might be loud enough to be 


heard by a room full of people, an acoustical condition that is un- 


favorable for hearing weak sounds. 


If, instead of mounting his 


receiver in this way, it be so mounted as to prevent the scattering 


of sounds in all directions, as it will 


in this, and enable them to be 


utilized by the ear so that the minuter actions of the receiving mag- 
net may be better heard, the receiver is then found to perform well, 
and speech may be heard with such a receiver nearly as well as 


with the best that have yet been invented.” 


Of the Legat receiver 


he says: ‘* With such a receiver which I have had constructed for 
the purpose, I find that it is competent to reproduce speech in 


its entirety and with corresponding 


384). 


increase in loudness’ (p. 


‘‘Reis then invented an instrument for the transmission of sounds 


electrically, which instrument he named the telephone. 


He 


in- 


vented and constructed an apparatus suitable to be used as a trans- 


mitter and also to be used as a receiver. 


He declares that spoken 


words could be transmitted and had been by him, and I find 


by experiment with the same apparatus that it is competent 


my hands to do the same that he said that it would do’ 


385). 


, 


in 
(p. 


‘‘Q. Have you taken part in the transmission and understood 
while listening at the receiver, without other knowledge, whole 


sentences by means of an apparatus of which the Exhibit Reis 
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Transmitter, now on the table before you, formed the transmitting 
member” (p. 423) ? 

‘¢ Ans. I have very often, both at that particular transmitter, trans- 
mitting words and sentences which I know were heard by the one 
at the receiver; and I have been at the receiving end when this 
particular instrument was at the transmitting end, and others 
spoke there, and I have identified their words.” 

‘+ x-Int. 124. Have you, while listeningat the receiver, connected 
with this identical transmitter heard and understood whole sen- 
tences spokeninto this transmitter ”? (p. 423. 

‘¢ Ans. IT have heard a great number of whole sentences and feel 
confident of my ability to reproduce speech again with that identical 
instrument.” 


‘s+ x-Int. 125. 
‘¢ Ans. I have heard such words and sentences when the receiver 


« * * * 


employed was the original Reis receiver, but always much better 
when magneto receiver was employed. With the latter there is 
never any difficulty at all.” 

‘*x-Int. 127. Do you mean, then, that with the Exhibit Reis 
Transmitter, now on the table, and Exhibit Reis Receiver, now on 
the table, coupled together with a battery and nothing else in the 
circuit you have by listening at such a receiver heard whole sen- 
tences which were spoken into such transmitter and transmitted 
electrically by means of this apparatus.” 

‘* Ans. I do.” 

**x-Int. 153. Will you state whether you have taken part in the 
transmission of whole sentences by means of an apparatus, the trans- 
mitting member of which was the same as Defendant’s Exhibit Reis 
Transmitter, and the receiving member of which wasthe Reis—Legat 
receiver” (p. 425. 

‘* Ans. I have, and, in general, have found the latter to be a 
more efficient receiver for loudness than the knitting-needle re- 
ceiver.”’ 

Experiments were made on May 3lst, 1883, at Mr. Maynadier’s 
office, at which were present representatives of the Bell Company, 
have been very satisfactory (p. 434). 


and the results seem not t 

‘Int. 158. As to the experiments yesterday afternoon with the 
Reis transmitter and the Reis receiver, state whether you in fact 
receivedany word, words, or sentences from the receiver, and how 
the working of the apparatus compared with its working on other 
occasions” (p. 459. 2 

‘* Ans. I did receive several words and sentences fairly well, but 
[ have on several former occasions heard much better than yester- 
day afternoon. The room was not so quiet as the room should be 
when the sounds are weak and senttered As much Aas they necessarily 
are in so poor a form of receiver as the Reis knitting-needle re- 


ceiver. J have never been able tu hear continuously with such an ar- 
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rangement, but occasionally have heard words and short sentences 
when the latter were quite unexpected, aud this on several 
occasions when testing to discover the capacity of the instrument.” 


_ Deposition of Henry C. Buck, Dolbear Ree. : 


‘*T have frequently. connected the Reis transmitter, above men- 
tioned, in a direct circuit with one of the two receivers, and have, 
perhaps, invariably, been able to hear counting and single words, 
and occasionally whole sentences, although this 7s a delicate expert- 
ment, and requires @dsolute freedom from all disturbing influences”’ 
(p. 478). 

‘‘T have connected up this Reis transmitter with various re- 
ceiving telephones in direct circuit, as, for example, a low resist- 
ance magneto-receiver. Under these conditions, if the person at 
the transmitter spoke in a voice of suitable strength, I was able to 
understand distinctly many sentences, and sometimes have been 
able to hear and understand nearly, if not all, that was said at the 
transmitter, thus showing that the Reis transmitter is capable of 
producing an undulatory current.” 

‘‘T have also frequently connected these Reis receivers, No. 1 
and No. 2 (7. e., the Knitting-needle and the Reis-Legat), in direct 
circuit with any good modern carbon transmitter, and been 
able to hear, while listening at the receiver, nearly, if not quite all, 
that was said at the transmitter, this experiment going to show that 
the Reis receiver is capable of receiving.” 


Deposition of Walter Rh. Eaton, Dolbear Rec. : 


‘mob. © ¢ 8 

‘For the past two years or more [ have made various tests 
with these or similar instruments at different times. I have found 
that after carefully arranging the conditions, I have never failed of 
getting from the receiver counting and familiar sentences, and 
oftentimes have heard sentences which I had no previous expecta- 
tion would be sent to me ” (p. 482). 


Deposition of Henry Morton, Overland Case : 

‘Speaking of the three forms of transmitting instru- 
ments (7. e., the cubical box transmitter described in 
Pisko; the brass cone-transmitter described in the 
Legat article, the hollow block transmitter described in 
the Reis article), and two forms of receiving apparatus 
(the knitting needle and the magnet and armature 


receiver in the Legat article) : 


Bi or 
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‘“T have experimented with all these forms. As regards the 
transmitters, I have found that with each of these transmttters, if a@ sen- 
sitive receiver was used, there was no difficulty in securing the trans- 
mission of words and sentences; and I cannot say from my own ex- 
perience that there is any great difference between one and another 
of these forms of transmitters as regards their efficiency of action ” 
(p. 125.) O., pp. 744-740. 


Deposition of Cyrus F. Brackett, Overland Case : 


‘Int. 5. Have you made any experiments with apparatus sub- 
stantially the same as the Van Der Weyde Exhibits, now shown 
you, with reference to their capacity to transmit articulate speech ? 
If so, please state what those experiments were, and their result.” 

‘‘ Ans. I have used receivers substantially like those now shown 
me, both the straight magnet form, using as a transmitter the ordi- 
nary Reis bored-block form, so-called in the Reis publication. 
Many words and sentences were spoken and clearly received, and 
these experiments have been repeated from time to time, and al 
ways successfully.” (p. 187; O., 756). 

‘Int. 6. Have you made any experiments with the Reis-Legat 
instruments, using a collodion diaphragm instead of an animal 
membrane, and with what result ?” 

‘* Ans. [ have, with the result of being perfectly successful in 
transmitting and receiving articulate speech.” 

“11 (). * * * * 99 

‘“ Ans. On December 9th, 1883, I made trial in Washington at 
the Smithsonian Institution of a Reis transmitter of the ‘ box 
form,’ the same being joined in a circuit with a McDonough re- 
ceiver. * * * * It was easy to transmit and understand with 
the McDonough receiver spoken words and entire sentences, even 
of the most unexpected character. Ata previous trial made on 
the same day in Washington at the laboratory of Dr. Baxter, using 
the same transmitter and receiver, I read certain sentences from 
a newspaper speaking near the Reis receiver (?) which Dr. Baxter 
correctly heard and reported back to me. Dr. Baxter and I then 
changed places, he at the transmitter and I at the receiver. I clearly 
and distinctly heard with good articulation many sentences re- 
specting current facts and events.” (p. 212; O., 881). ' 

‘Tuesday, Dec. 18th, 1883, I also, using the Reis transmitter 
and Reis receiver, spoke many words and numerals to Prof. Young 
which were correctly heard and reported, among others, ‘ Little 
Jack Horner sat in a corner.’ 

‘* Dec. 25th, 1883, with the box transmitter and a needle receiver 
[ heard Prof. Young say, among other things, ‘Old Dan Tucker 
went to supper to get his Christmas pie.’ 

‘* Dec. 27, 1883, using the lever form of the Reis transmitter and 
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McDonough receiver I heard Prof. Young say, ‘Old Grimes is 
dead, that good old man, we ne’er shall see him more.’ ‘ Old 
Mother Hubbard’s Dog fell into the well,’ and many other words 
which I have not noted and do not remember. Also I said many 
words to Prof. Young which he correctly heard and reported.’ 

‘ Thave used £ common microphone transmitter in connection 
with the Reis receiver and have found that intelligible conversation 
can be carried on with that arrangement.” 


Deposition of Prof. Chas. A. Young, Overland Case 


‘11Q. Will you state whether or not you have tried any of 
the forms of apparatus shown and described in said publication 
with reference to their capacity to transmit and reproduce musical 
tones, notes, chords, articulate sounds of speech; and if so, under 
what circumstances and with what result ?” 

‘* Ans. I have made such experiments in the physical labora- 
tory at Princeton in connection with my _ colleague, Prof. 
Brackett.—On Dec. 17, 1885, we put up a _ Reis box trans- 
mitter in one room of the laboratory, and in another room a steel 
rod receiver of the construction indicated in the Reis-Pisko article, 
page 191 of the Spencer Record, with the exception that the elec- 
tro-magnet and key, represented on the side of the transmitter and 
receiver, were omitted. Tunes sung by the voice were easily trans- 
mitted and well heard. Some words and sentences were also trans- 
mitted. I heard Prof. Brackett say: ‘ What is the price of putty ?’ 
and I also heard ‘ Mary had a little baby.’ On the morning of the 
18th of December we resumed our experiments. During the course 
of our experiment I heard Prof. Brackett say, ‘ Little Jack Horner,’ 
ete. ‘Old Dan Tucker came to town,’ ete. *To be or not to be, 
that is the question.’ I also said to Prof. Brackett a number of 
nonsensical sentences that he heard and reported correctly. On 
Dec. 25th with a different box transmitter and a steel rod receiver 
we repeated our experiment with similar results. On Dec. 27th we 
experimented with a transmitter of the lever form referred to in the 
‘Reis-Legat Article’ and the steel rod receiver, and we succeeded 
in transmitting numerals and a few other words” (p. 164; O., 783-4). 

**12 Q. State whether or not you have at any time, and, if so, 
where, and under what ‘circumstances, used a Reis transmitter or 
receiver in connection with other apparatus to ascertain its or their 
capacity to transmit tones or articulate speech ?” 

‘Ans. I have done so at Princeton, in connection with Prof. 
Brackett, on several occasions, especially on December 31, 1883, 
and January 1, 1884. Using the lever form of transmitter with the 
McDonough receiver, we obtained very satisfactory results. 
Whole sentences were transmitted. I said to Mr. Brackett and he 
correctly reported, ‘Mary had a little goat, it climbed upon the 
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roof,’ and other nonsensical sentences. On January 1 we 
tried the Reis bored-block transmitter and McDonough with 
similar and even better results. I said to Prof. Brackett, and he 
correctly reported, ‘ Mary had a little pig. It had a crooked tail 
and wore spectacles.’ And I heard him say similar nonsense. We 
then put a common microphone in place of the transmitter and sub- 
stituted a Reis steel rod receiver for the McDonough receiver. 
The apparatus talked very well indeed. The articulation was 
nearly as good as I have ever heard, though not very loud. I 
heard Prof. Brackett repeat several verses of the poem ‘ Chained in 
the market place he stood,’ ete.” (p. 165: QO., 784). 


Deposition of Sylvanus P. Thompson, Overland Case. 


‘7 first saw Reis’ telephone during my Easter holiday in the 
year 1875, when on a visit to Manchester.” Made a very crude form 
and transmitted with it a large number of more or less intelligible 
sentences (p. 524: O., p. 1141). 

Speaking of the Reis and Reis-Legat receiver, Prof. Thompson 
says: ‘‘T have heard speech delivered faithfully by both forms of 
receiver ” (p. 528; QO., p. 1145). 

‘Reis’ knitting-needle is competent to act as a telephonic 
receiver, both for articulate speech and for musical tones, and also 
for vowel sounds. I know this because I have often heard speech 
and vowel sounds reproduced with the utmost clearness in a receiv- 
ing telephone, constructed by Philipp Reis himself in the year 
1861, and which contains a knitting-needle” (p. 5386: O., p. 1153. 

‘Ona balanced circuit, articulate speech is extremely well-con- 
veyed by a Reis transmitter, even when you talk so loud that the 
speech is barely recognizable when the circuit is unbalanced.” 
(p. 542: O., p. 1159). 


Deposition of John R. Paddock, Overland Case : 


‘‘After these experiments were completed, I continued the 
work by experiments with the Reis instruments. They were the 
cubical box transmitter and the knitting-needle receivers” (p. 666; 
O., p. 1282). 

‘* The transmitter was used in a variety of ways, and good ar- 
ticulate speech was obtained in each of these ways” (then follow 
on pp. 668, 669, Overland Case, many long sentences that were 
transmitted).” (QO., pp. 1284-5.) 

Speaking of experiments with the Reis transmitter and receiver 
procured from Dr. Stein, he says that after dispensing with the ad- 
justing screw, and using only the means furnished by the strip 
itself and the binding screw ‘‘ With this instrument I transmitted 
and received with Mr. Smith a few songs, some with and some 
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without the words of the songs. Sentences were also transmitted of 
which I received single words; other sentences in which two or 
three consecutive words were received, and finally I succeeded with 
Mr. Smith in transmitting short sentences in which the whole sen- 
tence was received.” (Then follows a list of sentences received, p. 
672; QO., p. 1288). 


Deposition of Eliphalet W. Smith, Overland Case: 


Experimented with cubical box-transmitter and knitting-needle 
receiver, but could very seldom distinguish words. Changed the 
receiver to a Baxter, and found that the transmitter would transmit 
words and sentences at times so that they could be understood 
quite well (p. 575; O., p. 1192). 

Assisted Mr. Paddock using the Reis-Frankfort instruments, 
transmitter and receiver, om/’tting the adjusting screw and obtained 
the results given by him (p. 699). 


Deposition of Asahel K. Eaton, Overland Case : 


Used modified Reis receiver, electro-magnet with resonant box 
and obtained musical sounds without any trouble, and in some 
cases indistinct articulation of a few words or very short sentences. 
This was in the fall of 1875 (p. 681). 

Afterwards used cubical box-transmitter as described by Fergu- 
son, and the violin with a knitting-needle upon it as a receiver. 
From that knitting-needle receiver got very feeble results, but evi- 
dence of articulation as though some one was talking at an immense 
distance. With Reis transmitter and a condenser receiver like 
that used by Wright in Ferguson’s report, got very distinct articula- 
tion of some words and parts of words. Afterwards perfected 


transmitter and got it very distinctly” (p. 682). 


Deposition of Henry E. Waite, Overland Case : 
Speaking of the Reis transmitter and needle receiver, 


he says: 


‘‘T have experimented; at times I got words very faintly and 
at other times it was just a confusion of sounds. 

I replaced the platinum point with carbon, and have then been 
able to transmit speech very well.” 

At the Smithsonian Institute he talked with the Reis trans- 
mitter and Bell receiver. Afterwards coupled-up Reis cubical box 
transmitter with knitting-needle.receiver, and was able to transmit 
speech perfectly. This was some time in May, 1881 (p. 562; Q., p. 
1179). 
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With Legat transmitter and receiver ‘‘I was able to transmit 
words clearly and distinctly, and some sentences.” (p. 568: Q., p. 
1180). 


Deposition of William F. Channing, Overland Case 


‘‘T have experimented with three forms of transmitters and two 
forms of receivers, * * * the bored-block transmitter, * * * 
the Reis-Legat transmitter, * * * the cubical box transmitter. 

One of the receivers which I have used is what is known as the 
Reis-Legat receiver. * * * The second receiver is known as the 
Reis needle receiver, * * * ”(p. 146-147: O., pp. 765-766). 

‘*With a molecular transmitter and Reis-Legat receiver the fol- 
lowing words were spoken and accurately repeated, * * * (then 
follows a list of sentences): 

‘The Reis-Legat receiver is, from my experiments, a practical 
instrument, talking with perfect distinctness and capable of being 
practically used.” (p. 150; O., p. 770). 

‘With a molecular transmitter and a knitting-needle receiver, 
Prof. Brackett speaking: ‘Do you understand what I say?’ Re- 
peated correctly. Channing speaking: *Do you get me now?’ 
‘Do you get that?’ Spoken with very little delay and every sen- 
tence repeated accurately, * * * the bored-block transmitter 
was connected with a Reis-Legat receiver, a battery being in circuit, 
* * * JT heard (list of sentences), * * * using the cubical box 
transmitter of Reis and the Reis-Legat receiver * * * (list of 
sentences). With a Reis cubical box transmitter having a scrap of 
carbon on the contact point, and speaking at a distance of about 
eight inches from the mouth-piece, connected conversation was 
carried on; unexpected remarks were made and repeated back, 
both when the Reis-Legat electro-magnet receiver was used, and 
also when the Van der Weyde receivers were used. * * * 
[used with the Reis box transmitter Dr. Wright’s silvered paper 
condenser with the induction coil, * * * carbon scrap being 
on the contact point, words and numerals were spoken and heard ” 
(p. 151; O., p. 771). 


Deposition of Wiliam J. Green, Overland Case : 
At the Smithsonian Institute in’81 heard the Reis transmitter 


talk with Bell receiver. Afterwards connected Reis receiver with 
Reis transmitter and heard several sentences through the Reis re- 


ceiver (p. 86; QO., p. 705). 
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Deposition of Prof. Peter H. Van der Weyde, Over- 
land Case : 


‘ | ‘‘Some of the parties present, who listened, stated that they 
could distinguish the words of the song.” (p. 43; O., p. 662). 
‘‘ There were about half a dozen persons present, who said that 
they could understand the words of the song; ameng them Mr. 
Hatch and Mr. Finnell.” (p. 52; O., p. 671). 


| Deposition of Benjamin P. Finnell, Overland Case : 


Confirms what Van der Weyde had said about his having heard 
words at the experiment in 1869 (p. 109; QO., p. 728). 


Deposition of Dudley Blanchard, Overland Case : 


‘‘ Mortar pestle pound you,” were the words which I heard 
stim (p. 104; O., p. 723). 


Deposition of Stephen M. Yeates, Overland Case : 
Made Reis instrument talk by putting liquid between the 
2 points of the transmitter, and using his electro-magnet receiver in 
1865 (p. 489; O., p. 1198). 


| Deposition of William Frazer, Overland Case : 


Heard Reis’ telephone talk at Yeates’ experiment (p. 483; QO., 
p. 1102). 


Deposition of Thomas Ballard, Overland Case : 


Apprentice to Mr. Yeates. Heard the Reis telephone talk in 
the winter of 1867-1868 (p. 477: QO., p. 1096). 


> Deposition of A. M. Vereker, Overland Case : 


Heard the Reis-Yeates telephone work in 1865 (p. 496; O., p. 
| 1115). 


Deposition of Johann Ehren, Overland Case : 


Testifies that previous to 1858 he heard the Reis telephone talk 
(p. 503; O., p. 1122). 


\. 
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The following is a brief statement of the nature and 
contents of depositions taken in behalf of the defend- 
ants in the cause now pending in the U.S. Circuit 
Court for the District of New Jersey, wherein THE 
AMERICAN Brett TELEPHONE CoMPANY are complain- 
ants, and Tur New Jersrty TELEPHONE CoMPANy et ad. 
are defendants. 

The stipulation under which these depositions are 
taken and made part of this record, and the depositions 
in full will be found in a separate pamphlet entitled 
in this case “ Testimony of Rudolph Messel, ef a/.,” taken 
on commission. 


Drrect EXAMINATION : 


RupotreH Messe, thirty-eight years old; a manu- 
facturing and scientific chemist; partner of the firm of 
Chapman, Messel & Co., of London; knew Phillip 
Reis ; was a pupil from 1860 to 1863 in the Garnier 
Institute at Friederichsdorf, in which Reis was a 
master. Remembers: distinctly experiments made by 
Reis with his telephone and the transmission of 
“sometimes words and sentences. Sometimes the 
‘“ instrument failed to.work, and words and sentences 
“ would beimperfectly transmitted. Sometimes one or 
“ two words of a sentence would be clearly transmitted 
“and occasionally the instrument would transmit no 
‘‘ words or sounds.” MRecalls the names of some of the 
songs which were transmitted; “‘ Wer will unter die 
Soldaten ;” “Ich hatte einen Comaraden” ‘ Letzte 
Rose.” Kemembers the transmission of musical sounds 
of the organ and other instruments. Identifies certain 
of the exhibits as instruments used by Reis. Testi- 
fies that “some of the instruments in use _ if 
“the current were interrupted emitted sparks at the 
“receiver. This, I recollect, Mr. Reis considered highly 
‘‘ objectionable, and tried to avoid it.” 


RP ORL IM, 


CROSS-EXAMINATION : 


Testifies: ‘‘I knew some of Reis’ instruments made 
after 1862 had an adjusting screw; I don’t know 
whether the screw remedied the previous defects or 
not.” Describes a form of transmitter used by Reis, of 
which he annexes a drawing. ‘ The apparatus stood 
“ within a sort of tripod, membrane downwards, the 
‘‘ pin just touching the surface of a drop of mercury 
“ contained in a smal] cup forming one of the terminals 
“of the circuit. The apparatus started off with splen- 
‘did results, but may probably have been abandoned 
‘on account of its great uncertainty, thus sharing the 
‘“ fate of other of his earlier instruments.” Witness is 
not aware of any published account of this experiment 
before 1876. 


-~ 


Drrect EXAMINATION : 


JOHANN PHILLIP ScHMIDT is 38 years old; paymaster 
in the Imperial German Navy. Was a_ brother- 
in-law of Phillip Reis and lived with him in his 
house from 1859 to 1864; Reis was engaged 
between 1859 and 1864 in experiments for the 
transmission of articulate speech. Witness was con- 
stantly engaged with Reis in these experiments, most 
of the time as speaker, Reis being the listener, and 
part of the time listening while Reis spoke. Was the 
speaker at the experiments before the Physikalische 
Verein, at Frankfort, and the Society of Natural His- 
tory at Giessen. Remembers words and sentences and 
songs—among the latter the following : “ Who willbe a 
soldier ”? “ Morning dawn, thou lightest me to an early 
day’! Testifies that “ Phillip Reis often used the same 
expressions as I, when he spoke to the transmitter and I 
listened at the receiver. On such occasions I clearly 
understood all that was spoken.” 
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DirEcT EXAMINATION : 


Dr. KonraD Bown; 55 years old; at present Pro- 
fessor of Physics in the Royal School of Forestry, 
Asschafenburg. Knew Phillip Reis; made experi- 
ments together with Professor Buff, with certain 
instruments which Reis had left with Professor Buff. 
Remembers the transmission of the song “ Schless- 
wig Holstein Meerumschlungen,” and that it was 
plainly understood. Remembers hearing the com- 
plaints of the children that it was cold, and their 
laughing in the distance, and remembers other mes- 
sages. Identifies certain of the instruments shown 
in the exhibits. Could not hear distinctly every 
single word, still from the words which were understood 
in most cases the sense of the sentence could be made 
out. Testifies that he did not possess special apt- 
itude for easily catching imperfect transmission, and 
that ‘‘ Prof. Buff understood a sentence which was not 
“ plain to witness, although he had his ear on the 
‘“ sounding board and was in a more favorable position 


* than Prof. Buff.” 
CROSS-EXAMINATION : 


Witness testifies that he did not understand Prof. 
Buff through the telephone. 


Dtrect EXAMINATION : : 


HetnricH Hop is 55 years old. Tanner, of Fried- 
erichsdorf. Knew Phillip Reis from 1859 to 1874. Re- 
members the experiments made by him in Fried- 
erichsdorf with his telephone and took part in the 
chief experiments. Remembers hearing musical sounds 
of the violin and other instruments and words spoken or 
sung; as, for example, ‘‘ Ich hatte einen Camaraden,” 
and many others. Identifies the exhibits. Remem- 
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bers hearing transmitted whole sentences, simple words 
and songs, more or less clearly understood. 


CROSS-EXAMINATION : 


Testifies that “ a person standing at the end station 


generally understood what was said at the other end.” 


DIRECT-EXAMINATION : 


JOHANN HAUSSER is 65 years old; until 1885 music 
teacher in Wasselheim ; knew Phillip Reis ; was an in- 
timate friend ; many experiments Were made by Reis in 
his presence ; mentions one experiment at which Profes- 
sor Opel of Frankfort was present; that witness was 
requested to play upon the piano single tones, then 
two tones at the same time, then trichords; was 
afterwards called to the other end, where 
Prof. Opel and Reis were, “when Prof. Opel 
“ learned, to his delight, that he had written down the 
“ tones exactly as I played them. There was an ex- 
‘ception in the case of the tone C. Witness had struck 
“ the C of the first added line below, while Prof. Opel 
“had written down the C of the 3d space of the clef.” 

‘In these experiments there were also transmitted 
‘‘ words, long sentences, and whole paragraphs. We 
“ could understand the words guite plainly. This was, 
‘“ however, only possible by the listener having in his 
‘ hand a second copy of the book out of which one 
‘“ was reading. Words ending in s or 7 were less clearly 
‘“ understood.” Remember well “that whole words 
“and sentences were spoken, and I have also heard 
“ the same, though I cannot now remember them.” 


l'o this may be added the letter of Prof. George 
Quincke, now Vice-Rector of Heidelberg University, 
printed in the work of Sylvanus P. Thompson, entitled 
Philipp Reis ; and which is now read under stipulation 
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Ae Ni Mail As: cibere oeingitliatenenas samen nance 


144 


of counsel with the same effect as if testified to under 
oath. | 

The letter and stipulation will be found in the 
pamphlet above referred to. 


The proofs concerning the Reis instru- 
ments may be summed up as follows: 


1. Anyinstrument capable to transmit tones having 
quality is theoretically capable to transmit articulate 
speech. 

2. The Reis instruments are capable to transmit tones 
having quality—to wit, musical tones of the voice, 
tones of various musical instruments, and chords con- 
sisting of two or more simultaneously sounded notes. 

3. The Reis instruments were devised for the trans- 
mission of articulate speech. 

4. The Reis instruments did transmit words and sen- 
tences in the hands of Reis and of others in his time. 
5. The Reis instruments will now, using his trans- 
mitter and receiver together, “ talk,” though with un- 
certainty. 

6. The Reis transmitter will transmit clearly and 
well when united to a good receiver, such as the 
McDonough, or Bell magneto-receiver. 

7. The Reis apparatus entire will “ talk” well, when 
modified in mechanical construction, without the addi- 
tion of any element not already there. 

8. Whenever and wherever the Reis instrument has 
talked, or can be made to talk, it avails of a natural 
method being the same which Mr. Bell has, under a 


name and description, the fitness of which appears as 
yet incapable of verification, claimed and patented. 

Upon this state of facts, concerning the art of trans- 
mitting speech, before 1874, it becomes material to 
enquire : 
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NINTH. 
When is an art discovered? 


From an early day in the history of these litigations, 
any clear and masterly judicial taking hold of this 
question has been impossible in view of the compro- 
ising statements (in the Spencer case, 8 Fed. R., 511) 
that ‘ Bell - = * is admitted in th ls CUSE to be the 
original and first inventor of any mode of transmitting 
speech ;” that “ Bell discovered a new art—that of 
transmitting speech by electricity * (/bid.), and (in the 
Dolbear Case, 15 Fed. R., 449) that “it was decided by 
this Court in the American Bell Telephone Co. vs. 
Spencer * * * that Bell is the first Inventor of a 
speaking telephone.” 

After so sweeping a disposition of this material 
question on the authority, in the first case, of a sup- 
posed admission, and in the second of a supposed de- 
cision in the first, there was little reason for expecting 
other Judges to investigate the bases of these conclu- 
SIONS. 

In this Court, therefore, for the first time since the 
Spencer case, can this question be asked with an ex- 
pectation of an answer on principle and facts. 


When, then, is an art discovered ? 


To conceive that a new thing can be done; to indi- 
cate in a correct, though general way the laws of nat- 
ure which must be availed of ; to create suitable ap- 
paratus—although suitable only in a limited degree ; to 
use the apparatus, and succeed in the avowed purpose 
—though only in a limited degree ; to publish the re- 
sult with sufficient specification to reveal the whole 
purpose, and put the world fairly upon further inquiry, 
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appears to take the doing of that special thing out of 


the category of undiscovered arts. 


From that stage, in the development of that art, it 
would seem that invention and discovery must be 
deemed limited (by the state of the art) to the improve- 
ment and perfecting of old or the invention of new 
modes and mechanisin. 

This difference between the discovery of an art and 
the perfected practice thereof is what the Court is 
called on in this case to clearly distinguish. 


The error below has in part consisted in the appar- 
ently unconscious assumption of a false premiss, viz., 
that the art of transmitting speech was undiscovered 
in 1876, becuuse no good way of practicing had yet 
been worked out. 

sourseul had in 1854, by pure force of reason, pred- 
icated the capacity of electricity to transmit speech ; 
had formulated a general expression of the law of such 
transmission, which is now found to include and be 
harmonious with all the particulars of our present state 
of knowledge ; and had suggested an apparatus. 

Reis had in 1861 pursued the iaw of acoustical ac- 
tion and effects to a fuller extent; had made an elec- 
trical machine ; had challenged and solicited nature to 
act within the electrical and hidden part of the opera- 
tion (according to her own laws whatever they might 
be); had received a favorable, though grudging and 
capricious response ; and had published to the world 


that : 


(1) ‘‘ With the above principles as a foundation, I have suc- 
ceeded in constructing an apparatus with which I am enabled to 
reproduce the tones of various instruments, and even to a certain 
extent the human voice” (Q., p. 1870); although, 

(2) ‘' It has not been possible to reproduce the tones of human 
speech with a distinctness sufficient for every one” (QO., p. 1872); 
that 

(3) ‘*Consonants are for the most part reproduced pretty dis- 
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tinctly, but the vowels as yet not in an equal degree” (Q., p. 1872) ; 
and subsequently in 1864 that 

(4) ** Chords and melodies were transmitted with marvellous ac- 
curacy * * * while single words in reading, speaking, etc., 
were less distinctly recognizable, although even in these the inflec- 
tions of the voice, as in interrogation, exclamation, surprise, call- 
ing, etc., were clearly reproduced ” (QO., p. 1892). 


These publications being made, the evidence now taken, 
including the new foreign testimony (in the N. J. Me- 
McDonough case, pamphlet) as to the operativeness of 
the apparatus, shows that it often, and in the presence 
of many persons, exhibited its function by transmitting 
words and sentences. 


trom this time it would seem that it was not open to 
Mr. Bell to discover speech transmission AS A NEW ART. 


Leaving apart the consideration of any other man’s 
work, it will appear clearly to the Court, from 
what was done by Varley (as it is hereinafter stated), 
that it was not open to any one to discover the 
generic art of transmitting sounds by “ causing elec- 
trical undulations similar in form to the air vibrations 
accompanying such sound.” 


After examining the patent in question, it will also, 
we think, appear clearly, that whatever Mr. Bell may 
at that time have discovered in respect to speech trans- 
mission, he did not intend to, nor did he, reveal it, in 
that patent, to the world. 

(The full discussion of this point, as well as the true 
history of Mr. Bell’s meritorious, though greatly mis- 
represented and over-stated work, is reserved for a 


later place). 


After considering what was said and done by him 
previous to that patent, it will, we think, be clear that 
he did not suppose that any apparatus then shown by 
him was capable to transmit articulate speech. 
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TENTH. 


Of that which is claimed in the patent, 
how much is patentable invention or dis- 
covery, and how much (being novel) is non- 
patentable discovery of scientific facts or 
law of Nature? 


In one of the.cases on appeal (the Dolbear case) the 
Court says, “ there can be no patent for a mere prin- 
ciple. The discoverer of a natural force or a_ scientific 
fact cannot have a patent for that ” (p. 449), but adds 
(p. 453): 


‘* The evidence in this case clearly shows that Bell discovered 
that articulate sounds cou/d be transmitted by undulatory vibrations 
of electricity, and invented the way or process of transmitting such 
sounds by means of suchvibrations. If that art or process * * * 
is * . . the only way by which speech can be trans- 
mitted by electricity, that fact does not lessen the merit of his in- 
vention or the protection which the law will give 7” ° ” 

* * * * * * * (p. 454), ** the 
essence of his invention consists not merely in the form of appara- 
tus which he uses, but in the general process or method of which 
that apparatus is the embodiment. * * * 

‘* Whatever name may be given toa property or manifestation 
of electricity in the defendant’s receiver, the facts remain that thev 
availed themselves of Bell’s d/scovery that undulatory vibrations of 
electricity can intelligibly and accurately transmit articulate speech 
as well as of the process which Bell invented, and by which he re- 


duced his discovery to practical use.” 


Let us analyze the claim and the facts, and then 
re-examine these statements, since upon the correctness 
of these or similar arguments the complairant hopes to 
convince the judgment of this Court. 


The facts are that Mr. Bell, having the desire to trans- 
mit vocal and other sounds, devised an apparatus, con- 
sisting of a transmitter and receiver connected by a line 
wire, throughout which the phenomena of electrifica- 
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tion, whatever itis, is to be set up. He describes cer- 
tain tangible, observable and plain things to be done. 
One is to make vocal orother sounds at the transmit- 
ting cone and listen at the receiving cone. If sound is 
heard at the latter, it will be known that it has been 
transmitted. 

The manner of using the apparatus may be con- 
sidered as constituting @ process, to wit: ‘“ The 
process which Bell crvented, and by which he reduced 
his discovery to practical use,” /d¢/, p. 455. This is a 
process of creating undulations. In its nature it is the 
work of human invention. The apparatus and the pro- 
cess of connecting it (7. ¢., as an hermetically closed 
circuit including a magnet and an inductive body, ete.), 
were the invention of Bell. 

This process (relating to the organization and mode 
of using the apparat. >, is apparently the process meant 
by the Court in the Dolbear case, when it speaks of “a 
process by which a certain effect of one of the forces of 
nature is made useful,” and also 


‘* The process of which he 1s the first inventor,” 


but is not 


‘*that process” as to which he is ** not restricted as to the particular 


form of mechanism by which he carries out that process.” 

The first two references to process evidently cover the 
process of causing undulations. ‘The last reference is 
apparently to the process of transmitting by means of 
undulations which are caused. 

The distinction is not arbitrary or without reason. 
It is essential. For the one process is the invention of 
man, by which he calls a law of nature into action: 
and the other is a scientific fact as to the way in which 
nature when producing certain results—by whomever, by 
whatever means, at whatever time, and for whatever 
particular purpose it has been called into action. 
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The 5th claim of Bell is susceptible of an easy, 
reasonable and-—in view of the character of his speci- 
‘ations, and the fact that the 3d and 4th claims are ap- 
propriated to secure him the two only methods of 
causing undulations—natural interpretation, which 
would limit it to a method of transmitting sounds by 
means of electrical undulations similar in form to the 
air vibrations accompanying the sounds—caused in a 
magneto telephone by magnetic induction. 

Inasmuch as, according to the present conception of 
science, this is a description (and a good enough one 
for scientific purposes) of whatever nature does, when 
she consents to transmit sounds by that agency at all, 
it is a claim to the exclusive service of nature in that 
kind of work. 

When therefore the Court in the Dolbear case say : 

“The evidence * * * showsthat Bell discovered 
that articulate sounds could be transmitted by undula- 
tory vibrations, etc., and invented the art or process of 
transmitting sounds by means of such vibrations,” it 1s 
evident that the term “process” 1s again restricted to 
the way of making, connecting and using the physical 
apparatus ; while the ‘‘ discovery” is extended to a find- 
ing out that when it acts at all in such service, nature 
sets up a certain series and order of acts of effects 
which are denominated ‘ undulatory vibrations.” 

When they say if “that art or process is 
* * * the only way by which speech can be trans- 
mitted by electricity,” it seems apparent that the Court 
is now again speaking of nature's part in the business 
us being a process; and, when later on they say that 
“the essence of his invention consists not merely in the 
form ofapparatus * * * but in the general process 
or method of which that apparatus is the embodiment,” 
it seems that they again distribute the term “ process ”’ 
to both the invented method and the natural law. 

In the brief of Messrs. Dickerson & Storrow in the 
Ghegan case they say: 
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‘* The individual judgment of the writer of this brief is that the 
claim for the apparatus, so far as this case is concerned, is as 
broad as the claim for the method. The gist of the invention is the 
new mode of operation exhibited in the action of the apparatus as a 
whole, * * * the employment of the words ‘ methods,’ ‘ arts,’ 
etc., in a broad claim, showed beyond criticism the Commissioner 
of Patents meant to grant a broad patent not confined to the specific 
form or character of mechanism shown (p. 52).” 


As interpreted, therefore, by the Courts and the coun- 
sel who uphold it, the 5th claim is a claim for the elec- 
trical transmission of speech under the form of a descrip- 
tion of how nature does it! ‘That 1s, substantially in the 
language of Bourseul—whenever 


‘The syllables have been able to reproduce their vibrations 
throughout the intervening media.” 


Again they say: 


‘‘It is apatent for a method of transmitting speech by elec 
‘* tricity, and is not confined to any particular form of apparatus. 
That method consists in producing electrical undulations sub- 
‘ stantially similar in form to the sound waves acting on the trans- 
‘* mitter, and by means of those sound waves themselves.” 
Brief, in Ghegan Case, signed by Mr. Dickerson and 
Mr. Storrow, p. @. 


© 
© 


™ "may be likened to a claim for raising wheat by 
the germination of the seed of the plant, leaving man- 
kind free to produce wheat by all other methods!! 

Or it might be likened to walking by means of the 
exertion of certain muscles and the placing one’ foot 
before the other successively ; or to the transmission 
of sounds by causing to-and-fro vibrations of air par- 
ticles similar, or corresponding to the movements of the 
vocal cords which originate the sound. 


The favorite manner of describing what Mr. Bell dis- 
covered has a tendency to deflect the mind from a true 
bearing upon the question. 

It is said in the argument and in the decision in the 
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Dolbear case, “ Bell discovered that articulate sound 
could be transmitted by undulatory vibrations,” etce., 
and that defendants “availed themselves of Bell’s dis- 
covery that undulatory vibrations of electricity can in- 
telligibly and accurately transmit articulate speech.” 

This manner of speaking of the discovery is as if it 
consisted of the finding out of some new function or 
capacity in, or use for, old material, customarily em- 
ployed for other ends ; and that in respect to whether 
or not it should be applied to the new use, there is 
some freedom of choice and of means. 

In fact, what Mr. Bell has discovered—assuming now 
the novelty of his work—is, not that electrical undu- 
lations can, but that they do, transmit sounds by con- 
forming themselves to the characteristics of the energy 
which creates the sound, and that they will do this in 
no other way. 

This is a scientific fact. 

If his theory is true and his claim to originality gen- 
uine, he had detected a secret of nature; and had 
found out how from the energy of motion in ordinary 
matter (sound) she sets up equivalent action (undula- 
tions) in the molecular, magnetic or electrical states 
of a conductor, and afterwards causes the force or 
energy to emerge from that intermediate state or form 
of manifestation, into its original form. 

In fact he has merely reasoned on the subject, and 
has not, in any true sense, “ discovered ” anything. 

In other words, Mr. Bell thinks he has discovered 
that the law of the persistence or correlation of forces 
holds good in its application to this subject. 

Having so reasoned, he proceeded promptly to patent, 
not only a particular method and apparatus for avail- 
ing of that law, but also the right to avail of that law by 
any means whatever. 

Thus considered he has been able to monopolize a nat- 
ural force and patent a scientific fact. 


153 


His apparatus and method will take nooffence at any 
fault in the reasoning, but if properly spoken to will 
continue to give civil responses, even if the reasoning 
about its theory of action should prove untrue. 

In the meantime the reasoning being patented, serves 
its term in restraining others from competition. 

To show how clearly this case is within the reasoning 
used in the case of O'Reilly vs. Morse, let us drop the 
middle term in the 5th claim and read it as follows: 
“(5) Lhe method of and apparatus for transmitting 
telegraphically vocal orother sounds * * *_ sub- 
stantially as set forth (7. e., the process of speaking and 
listening in a circuit specially arranged). Does the 
middle term thus left out describe anything discovered 
by Mr. Bell, in the sense of the patent law ? If electric- 
ity undulates, Mr. Bell did not invent that action. As 
the claim stands, then, it is pure and simple for the use 
of electricity whenever and in whatever manner it 
transmits speech. Mr. Bell had simply coimed or 
adopted aname that may or may not truly indicate 
what happens. 

We are constantly to keep in mind that the method 
of the 5th claim is not by any fair interpretation of its 
terms a method for causing undulations. Those meth- 
ods in the two only conceivable ways are covered by 
the 3d and 4th claims. It is for transmitting, &e., ™m 
one—or they say both—of the methods previously 
claimed. 

Suppose Mr. Bell had learned or surmised that elec- 
tricity, when employed in transmitting signals, gains heat 
or color, and is gray or blue, or red, and had said I 
claim not only an apparatus by which electricity can be 
put into a heated or colored state, but I claim elec- 
tricity whenever it is hot or colored in the act of trans- 


mitting. 

In what sense would this be different from claiming 
electricity for the work in question, since it is only in 
and by that condition that it performs its work. 
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The 5th claim, as thus interpreted, is, therefore, a 
claim to electricity when undulating under the influ- 
ence of, and in conformity to the form of sound waves. 
Since that is the condition in which electricity was 
whenever it transmitted a word or a tone of quality for 
Reis, and is its natural condition whenever so influ- 3 
enced and employed—a claim to the exclusive benefit L 
and use of that condition is a complete equivalent to a | 
claim for an entire monopoly of electricity in sound 


transmission. 


This claim of Mr. Bell to the beneficial use of a gen- 
eral law when in operation, is not to be confounded with 
the arbitrary and artificial method of making dots and 
dashes under the Morse patent,—by which arbitrary and 
conventional system ideas are conveyed. Morse, know- 
ing already, and the world knowing,that the flow of a 
current could be interrupted, invented a certain order : 


and length of interruption and renewals which would 
produce signals, the meaning of which could be fixed by 
agreement. This was an artificial thing; andas such 
signals and the way of producing them could be indefi- 
nitely varied, he was granted a patent for breaking up 
a current into recognized succession of interruptions 
and renewals. The system was wholly artificial.and 
capable of infinite modification. 

But the undulations of a current in the act of trans- 
ferring the mechanical movements of air particles is 
a natural system. It is the system by which nature, 
in transmitting forms of energy from one form to 


another, does her work. No modification is possible. — , . 
If she does her work, it is because she acts that way. . 

If the work is not done, it is because she has not acted 

in that way. No convention or agreement can add to 
or take from the significance of her action. It is this 
natural effect and natural method which: Mr. Bell is | 
supposed to have discovered, and has been permitted— 
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by the construction of his patent, and not its fair 
terms—to hold. | 

It is just such a discovery as the biologist makes 
when looking more and more closely into the laws which 
are at work, he learns the process, though not the 
cause, of ovation and germination. 

The main and general facts on those subject were 
long ago known to physiologists and stated — 
as Bourseul and Reis stated the laws which ‘con- 
trol and bring about the transmutation of energy 
in this business of transmitting speech by the 
galvanic current—but the special action is more 
and more ‘‘discovered” each year. Such are not 
patentable discoveries however; being in no _ sense 
dependent on or, derivable from, or aided by invention 
or investigation of man. 

If Mr. Bell had claimed a mechanical combination 
or a combination with a method of operating it, such 


-a claim might have been legally sustained if the facts 


were right; and so far as he has claimed that simply, 
the claim is good. Such would appear to be the true 
or natural interpretation of the claim, but we have to 
deal with a lawyer’s construction which steps quite 
over and beyond the natural meaning, and covers not 
the process of Bell for calling nature into action, but 
the process of nature when she has answered the call. 


Considering that the process rests upon the existence of 


electrical undulations which are similar in form, &e.,— 
it is now and without argument, at this place, submitted 
that no one of the fumous: process cuses has decided any- 
thing which will justify a patent upon A PROCESS or con- 
dition, the EXISTENCE OF WHICH IS INCAPABLE OF PROOF. 
It is believed, therefore, that so much of the 5th 
claim as by any construction is capable to be extended 
to the transmission of sounds by causing undulations, 
should be expressly limited to what is accomplished by 
uttering the sound before the transmitter of a magneto 
telephone, thus creating new currents, and thereby 
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causing undulations similar in form to the uttered 
sound. Such an interpretation secures what Bell in- 


vented, and enough of what he “ discovered ” to enable 
him to work his invention, while not excluding other 
inventors from access to the universal storehouse. 


ELEVENTH. 


But complainants ask—If this art was 
discovered why did not the world, and espe- 
cially Sir William Thomson and Prof. 
Henry know it? 


The question was asked by counsel for the complain- 
ants below why, if Reis made a telephone and gave it 
to the world, the world had still to wait until 18/6 for 
telephony. 

The question contains in part its own answer. 

It was because Reis gave to the world, and did not 
sell to an enterprising syndicate, that his invention was 
forgotten, except by a few, of whom Alexander Graham 
Bell was one (See App. 4). 

Upon selfish human motives, human progress largely 
depends. Had Mr. Bell given his telephone to the 
world in 1876, it may be doubted whether the world 
would now have a practicable telephone system. Cer- 
tainly it would not have had in obtaining that accom- 
modation the service of the accumulated capital, intelli- 
gence and protracted efforts of lawyers, men of science 
and capitalists. 

The plain common sense of such a matter is found in 
the answer of Prof. Brackett (O. p. 869). 

The wise are not always all-wise. The couplet of Mr. 


‘Lowell 


‘* For down to Boston ef ye take their showin” 
‘* Wut they don’t know ain’t hardly wuth the knowin,” 
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is not applicable to modest men of science. 

The argument which deduces non-existence of things 
from the fact that Prof. Henry and Sir William 
Thomson did not know or had forgotten them at some 
particular date, is one which could not have received 
approval from either of those eminent men. 

The work of Reis was done, as we may say, in a 
eorner. His first exhibition occurred in 1861, before a 
society of Frankfort, not consisting, as we understand, 
of scientific men. Its results were published with 
doubting remarks in local journals, and ouly very 
slowly crept into works upon of science. By the time 
it had reached recognition there, there had come to be 
associated with it a theory concerning the action of the 
instrument and its capacity,--founded on hasty and im- 
perfect experiments with instruments which at their 
best are very various in their degrees of capacity, and 
which at all times must, in the words of Prof. Young, 
be handled ‘‘ gingerly, ’—which was misleading to all ex- 
cept those who, like Bell, had read Reis’ own words 
and had understood them. Prof. Bell’s citation of Reis 
in his American lecture shows that he knew what Reis 
had done, and a comparison of his language when 
speaking of the subject, with the language of Reis, 
seems to indicate more than mere coincidence. What- 
ever may have been the state of knowledge of Prof. 
Henry or Sir William Thomson, Mr. Bell was not 
ignorant. 

Besides this we are to observe that Prof. Bell exhib- 
ited a very ingenious instrument and theory, which was 
novel. It was the magneto telephone in which, or by 
which, the energy of a voltaic current seemed to be 
effected by the superposition upon it of new currents 
generated in a magnet. ‘This was interesting and novel, 
and will be found to justify the surprise of scientific 
men without recurrence to the larger claim that they 


were entirely ignorant of Reis. 
Still it is probable that they were ignorant by reason 
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of never having known, or by having forgotten those 
obscure experiments. 

The Court is not ignorant, however, since the facts 
are now proved. 

There is a degree of reason in testing the date or 
novelty of an invention by the public state of knowl- 
edge or the knowledge of certain persons at a particular 
date—presumptions of a certain strength arise from 
what they did not know ; but, like other presumptions, 
they disappear when the facts appear. Complainants 
deduce a presumption that Reis’ instruments did not and 
vannot, transmit speech, because Thomson: and Henry 
were surprised by Mr. Bell at the Centennial, in 1876. 
These gentlemen have not been asked why they were 
surprised ? A Reis instrument was lying in the 
Smithsonian Institute at the time, with a latent capac- 
ity to talk, which Mr. Greene developed at the first trial. 
Probably Prof. Henry’s attention had never been called 
to the words of the obscure schoolmaster Reis — or, if it 
had, he had interpreted them in the light of those of 
Pisko and others, who, seing that Reis’s public musical 
entertainments had not been followed by any furore, 
and guided only by their own limited, and, perhaps, 
imperfect experiments, had declared, ex cathedra, that 
it was only a musical telephone. At any rate, it will 
not harm us to reflect a little on what Tyndall calls the 
Per niClOUsNess of authority. 

Prof. Tyndall, in the preface of his work on Sound, 
making special reference to Prof. Henry, says : 


‘* And here a word might be said with regard to injurious influ- 
ence still exercised by authority in science. The affirmations of the 
highest authorities that from clear air no sensible echo ever comes, 
were so distinct that my mind for a time refused to entertain the 
idea. Authority caused me for weeks to depart from truth and 
to seek counsel among delusions. * * * 

* . ~ - * - Ps * 
but though it thus deflected me from the proper track, shall I say 
that authority in science is injurious? Not without some qualifica 
tion. It is not only injurious, but deadly, when it cows the intel- 
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lect into fear of questioning it; but the authority which so merits 
our respect as to compel us to test and overthrow all its supports 
before accepting the conclusion opposed to it, is not wholly nox- 
ious.” 


According to the statement of Mr. Bell im one of his 
letters,* when he called upon Prof. Henry, he announced 
to him that he (Prof. Bell) had heard a sound from a 
coil of wire having no interior core. 

According to his account, Prof. Henry was so sur- 
prised and interested by this fact, that he proposed at 
once on a cold day to take a carriage and drive to some 
distant place where this might be seen. 

And yet we know that this phenomenon had been 
observed by De la Rive and others years before, and had 
probably been known at the time to Prof. Henry, who, 
perhaps, had no occasion to investigate that particular 
phenomenon, or whose memory had failed to retain the 
fact.* Nevertheless the fact was so, and being an exten- 
sion of the experiments of our own Dr. Page, and many 
other investigators all over the world, whose reports 
were printed in leading scientific journals, it proves 


* From Bell’s letter to his father and mother, of March 18th, 
1875, Mol. Rec., 1601. 

‘* * * Now to resume telegraphy. When I was in Wash- 
ington I had a letter of introduction to Prof. Henry. who is the 
Tyndall of America. I had found on inquiry at the Institute of 
Technology that some of the points I had discovered in relation to 
the application of acoustics to telegraphy had been previously dis- 
covered by him. I thought I would, therefore, explain all the ex- 
periments, and ascertain what was new and what was old. He 
listened with an unmoved countenance, but with evident interest to 
all; but when I related an experiment that at first sight seems un- 
important, I was startled at the sudden interest manifested. I told 
him that on passing an intermittent current of electricity through 
an empty helix of insulated copper wire a noise would be heard 
proceeding from the coil similar to that heard from the telephone 
He started up—said, ‘‘ /s that so? Will you allow me, Mr. Bell, to 
repeat your experiment, and publish them to the world through the 
Smithsonian Institute, of course giving you credit of the dis- 


coveries ?”’ 
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that all things were not necessarily untrue which, in 
1876, surprised Sir Wiliam Thomson and _ Prof. 


Henry. 


* ‘< x_Tnt. 248. In your letter of March 18th, 1875, * * * you 
speak of telling Prof. Henry” that on passing * * * did you 
ever afterwards learn that that fact had been observed already by 
someone before you? 

‘¢Ans. I did. I found that this fact had been discovered by De 
la Rive. Itis referred tuin a paper by him in the ‘Ann. de Chim. 
et de Phys.,’ 3rd Series, Vol. XVI., p. 104.” 


TWELFTH. 
Make and Break. Continuous Current. 


When a battery is used, the current employed with 
the Bell magneto apparatus, Fig. 7 
continuous current. The circuit—that is, the metallic 
connection of battery with transmitter, transmitter with 
receiver,ahd receiver with the earth, constitute a circuit 


,1s necessarily a 


incapable of being opened. 

In such a cireuit there can be no make and break of 
the current. If a permanent magnet is used in place of 
a battery, there will be a reversal in direction of the 
current at each similar reversal of direction in move- 
ment of the armature, and, logically (as current is the 
momentary effect of armature movement), an infinites- 
simal cessation of current at each arrest of movement 
preceding a reversal. 

In any variable resistance circuit in which the loose 
contact of the microphone is employed, there is a con- 
stant liability to complete separation of the surfaces: of 
the contact points. 

A separation of surfaces to an extent beyond the power 


of any ordinary observation, and for a period of BUEN 
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tO x jh5, Of a second would be sufficient to make a 
break in the current. 
See Prof. Cross, N. J. McDonough Case, 
Int. 46, Pamphlet. 


Such a break (giving to his words the significance 
which they would have if used at the present time, 
about which we cannot be entirely certain, however), 
Reis thought occurred at the end of each sonorous vi- 
bration—that is to say, upon the completion of the air 
particle excursion. 

Whether this is true or not during speech transmis- 
sion is still a matter of doubt. Upon this question 
Prof. Cross says: 


Cross-Int. 340. Then, according to your present knowledge, you 
think it possible, do you not, that the telephonic circuit may be 
broken at least once for each principal vibration of the transmitting 
diaphragm without destroying similarity of form between the elec- 
trical undulations and the air waves ? 

Ans. I am not ready to say that it is impossible under all cir- 
cumstances. 


Upon the question of what takes place at the contact 
points of a microphone transmitter when transmitting— 
in other words, whether there is ever an entire separa- 
tion, or only a partial separation at all times when good 
transmission is taking place, is also a matter of doubt. 

See Prof. Brackett, O., p.871; Prof. Young, 
O., p. 806; Dr. Channing, O., p. 974. 


The opinion of Prof. Cross is as follows : 


‘¢Tt is of no importance whether the characteristic similarity in 
form between the air waves and electrical waves is produced by the 
variations in electro-motive force due to a magneto-transmitter ; to 
the variations in resistance caused by a microphone or other battery 
transmitter ; or, if sucha thing were possible, by a series of excess- 
ively minute breaks produced by a circuit-breakiny transmitter. If 
by any form of transmitting telephone those characteristic varia- 
tions in form to which the quality of a sound is due are impressed 
upon an electrical current so that the electrical undulations are 
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similar in form to the sound waves which act upon the transmitter, 
the method employed is that invented by Mr. Bell, as distinct from 
the method used by Reis” (N. J. McDonough Case, Int. 50, p. 145). 


That speech can be transmitted by a closed circwt 
and continuous current is manifestly proven by Bell’s 
magneto apparatus. That that is not a good way is 
manifest from the fact that it is wholly abandoned, and 
the variable resistance method adopted in its stead. 

That speech cannot be transmitted when the current 
is not continuous, is nef proved. It is surmised by 
Prof. Cross, and doubted by many others. 

See further citations on this subject at 
pp. 373-378. 


The Court is now by the form of the complainant’s 
contention, asked to assume this fact as if it were 
proved—while it still remains a subject of dispute 


among physicists. 


That undulations in continuous electric currents 
oecur when speech is transmitted, is also not proved. 

It is undoubtedly proved that something oceurs which 
has an agency inthe reproduction of sounds. Whether 
it is some variation of the intermolecular relations of 
the conducting medium, brought about by attaching 
the conductor te a source of electricity ; or a change in 
the tension of whatever is the product of battery or 
magnet and therefore called electrical ; or whether it 
is some other occult process, as yet unrecognized, which 
results in allowing motion to be transferred and repro- 
duced, we do not know. The manifesto of Mr. Bell’s 
claim of merit as a discoverer gives us a simple formu- 
lation. It is—‘‘ Mr. Bell found out that undulatory 
currents of electricity, when similar in form to air 
vibrations, can act effectively in procuring the repro- 
duction of the sounds accompanying those vibrations.” 


Mr. Bell has chosen, in stating his discovery, to limit 
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it to what he calls “ electrical undulations.” If there are 
no such limitations then he has not discovered any- 
thing, so far as his patent claim is concerned. If there 
is doubt, then just so far, it is doubtful whether his pat- 
ent and his discovery agree. What he really discov- 
ered, and can prove—still assuming, for argument’s 
sake, but not admitting it as a matter of fact the nov- 
elty of the discovery—is that speech is transmitted by 
the agency of electricity. But the case of O’Reilly vs. 
Morse would not permit him to patent su broad a dis- 
covery. What he has done, therefore, is to postulate an 
assumed action or condition of electricity under and by 
which it does that work—and patent that. If the ex- 
istence of that action or condition could be proved 
in the judicial sense (which means, by responsible 


proof, on which somebody can be sent to jail if the 
proof is untrue), he would be near having a claim 
like the sustained 5th claim of the Morse patent. 

Since it cannot be proved, and its inferential author- 
ity is disputed, his own 5th claim must be sustained, 1f 
at all, upon a more general form of statement, which 
at once establishes an “all four” similitude to the 
rejected 8th claim of that patent—something like the 
following : 

A. Mr. Bell sets certain agencies in motion. 

B. These agencies produce X ; which represents what- 
ever (not cognizable by any sense) takes place between 
the original air vibration (cognizable by the sense of 
hearing) and the reproduced air vibration (similarly 
cognizable). 

C. X transmits telegraphically the sound, and we 
name it “ electrical undulations similar ‘in form,” ete. 

D. This naming is, however, only an expression of 
the present conception of science concerning X, and we 
do not hold ourselves responsible for its truth. We want 
a patent for X, however, whether the name is correct or 


not. 


Thus stated 


and such a statement is a logical necess- 
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ity of the position taken in giving a broad construction 
to claim 5—the complainants ask the Court to be 
responsible in their place for the truth of their theory, 
and guarantee its correctness, by (1) giving them a 
broad claim to electricity, under the guise (real or un- 
real) of certain actions or conditions thereof, which, if 
they exist, are the whole thing—or, if they do not exist, 
are a merely conventional expression tor whatever else 
does exist; or (2) by abandoning al] previous adjudica- 
tions and giving them a broad claim to X, as the cause 
of speech transmission—simply because i/ exists indu- 
bitably, whether it stands for eontinuous electrical 
undulations similar in form, or any other of the discov- 
ered, undiscovered, discoverable or undiscoverable pro- 


cesses of nature. 


That Mr. Bell and his experts are wrong, and that 
the proximate cause of speech transmission may here- 
after be found to be, not the simzlarity in form of the 
undulations, ete., is not only not impossible, but in view 
of the many instances in which scientific theories’ as 
reasonable and as strongly upheld as the present un- 
dulatory theory of electricity have proved untrue, is not 
highly improbable. 

The theory of Sir Isaac Newton concerning light, 
known as the emission theory, which is now entirely 
abandoned for the wave theory, may be referred to. 
Suppose at some date prior to 1815 when the undulatory 
theory under the teaching of Young overcame the 
corpuscular, or emission theory sustained by the great 
name of Newton, photography had been in existence, 
and the Court of Chancery in England had been called 
upon to restrain the general practice of that art upon 
the assumption that the emission theory was true, and 
that the heirs of Sir Isaac Newton had an interest in 
that process of nature by right of discovery. No 
greater name and no higher authority than that of Sir 
[saac Newton could ever be adduced in the support of 


— 
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any hypothetical claim of science ; and if scientific 
hypothesis could ever afford support to a judicial judg- 
ment, it would be in such a case. 

Let us conceive, however, of the feeling and position 
of a judge who should have taken from one man his 
property or rights and given them to another, upon a 
judicial judgment that that theory was true—on receiv- 
ing news that that basis of his judgment had lost all 
credit in the scientific world ! 

The possibility of such a state of things should be 
a sufficient warning to Courts of Justice to limit their 
investigations to such exact and provable means of 
knowledge as are appropriate to judicial inquiries. 

The entire body of proof upon this subject may be 
considered as summed up by Prof. Cross as follows: 


‘* Cross-Int. 115. Do you regard it as a physical law that a tele- 
phone can operate in the transmission of speech only by means of 
electrical undulations substantially similar in form to the air waves 
that actuate the transmitter ? | 

‘Ans. * * * IT have not succeeded in thinking of any other 
way of doing this, and it does seem to me to be a necessary though 
not an immediately evident consequence of natural laws” (New 
Jersey McDonough Case, p. 163). 


It is respectfully submitted that proof thus qualified 
and doubted is not adequate to support a judicial 
judgment (affecting important property rights), that the 
electric current used in a microphonic telephone trans- 
mitter is either continuous or undulatory. 
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THIRTEENTH. 


Other anticipations which influence the 
state of the art and limit Mr. Bell's 
claim. 


I. 


Doctor Wright’s Apparatus. 


We have already shown that previous to 1867 Doctor 
Horace S. Wright, of Edinburgh, Scotland, used an in- 
duction coil as an adjunct to a sound transmitting ap- 
paratus in connection with a Reis transmitter. 

In an article (Transactions of the Royal Scotch So- 
ciety of Arts 1860-1864, Vol. 6, Appendix, 185-187) it 
is stated that Doctor Wright showed and described a 
condenser, consisting of plates of zinc slightly curved 
and separated by sheets of insulating paper, which pro- 
duced loud sounds and musical tones when coupled 
with the secondary wires of an induction coil. 

Subsequently Doctor Wright used a condenser 
formed of two sheets of paper, silvered or covered with 
thin metal foil, placed back to back. 

Dolbear Circuit Record, pp. 256, 257, 268, 
. 269, 270, 275, 290. 
Ferguson on Electricity, 1867, p. 68. 


In ‘Ferguson on Electricity” the apparatus em- 
ployed by Doctor Wright is described as follows : 


‘* The line current is made to pass through the primary coil of a 
small induction coil. In the secondary circuit he placed two sheets 
of paper, silvered on one side, back to back, so as to act as a con- 
denser. Each current which comes from the sending apparatus 
produces a current in the secondary circuit, which charges and dis- 
charges the condenser, each discharge being accompanied by a 
sound like the sharp tap of a small hammer. The mzsical notes are 
rendered by these electric discharges, and are loud enough to be 
heard in a large hall.” 


a 
~ . 


| 


167 


Professor Charles R. Cross in an affidavit made by 
him in behalf of the appellees herein (Dolbear Cireuit 
Record, p. 84), refers to the Wright cendenser and its 
use as follows : 


‘‘That the attractive power of one plate on another varied with 
the electrical condition of the first, was well known before the date 
of Mr. Bell’s said first patent; it was also well known before the 
date of said patent that by this means the electrical variations in the 
secondary circuit of an induction coil could be made to cause such 
vibratory motion in a plate as to thereby produce a sound whose 
pitch corresponded to the rate of the electrical variations. And this 
device for converting electrical variations into sound waves was 
well known as an equivalent and substitute for the motion given to 
a vibrating armature by means of the varying attraction of an 
electro-magnet, through whose coils the same varying current 
should be passed.” — 


In a subsequent affidavit made by Prof. Cross (Dolbear 
Circuit Record, pp., 256-257), commenting on the 
’ ’ }9 oD 
above quoted paragraph, he says: 


‘‘In my first affidavit in this case I referred to the fact that 
previous to the date of Bell’s patent electrical variations in the 
secondary circuit of an induction coil were utilized to produce 
sound by causing vibratory movements in plates. * * * JT had 
in mind three particular pieces of apparatus: First, the receiver of 
Dr. Wright described by him in an article in the ‘ Transactions of 
the Royal Scotch Society of Arts,’ 1860-1864, Vol. 6, Appendix, pp. 
185-187: second, asomewhat different condenser-receiver of Dr. 
Wright described in ‘ Ferguson on Electricity,’ 1867, p. 68.’ ” 


In a subsequent part of the same affidavit (Dolbear 
Circuit Record, p. 264), referring to the Wright and 
Varley condenser-receivers, Prof. Cross says : 


‘« T have tried them many times for that purpose. I find that a 
small Wright condenser of his first form made with zine plates and 
enclosed in a case, similar to that used by Mr. Bell for his tele- 
phones, compares very favorably in its performance with one of 
the Dolbear receivers which I have already described, and that the 
larger condenser of Wright, constructed as directed in his article 


‘’ in the ‘Transactions of the Royal Scotch Society,’ will readily 


reproduce speech.” 
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Again when testifying as to the substantial identity of 
the Dolbear and Wright receivers (Dolbear Circuit 
Record, pp. 256), Prof. Cross states that 


‘The condenser as a source of sound was by Mr. Varley sub- 
stituted for a magneto-receiver as an equivalent for it. So Dr. 
Wright substituted his condenser in the Reis apparatus for the 
magneto-receiver used by Reis,ias a means of converting into sound 
electrical vibrations (undulations) produced by the voice.” 


Piof. Arthur W. Wright, an expert witness for the 
appellees (Dolbear Circuit Record, p. 290), states that 


‘‘ Previously to 1867 Dr. Wright, of Edinburgh, showed 
(‘ Transactions of the Royal Scotch Society of Arts,’ 1860-64, 
Vol. 6, Appendix, pp. 185-187. Ferguson, ‘ On Electricity,’ 1867), 
that a condenser formed of two sheets of paper, silvered or covered 
with thin metal foil, placed back to back, or of thin plates of zinc 
slightly curved and separated by sheets of insulating paper would 
produce loud sounds when connected with the secondary wire of 
an induction coil. These condensers reproduce musical sounds, 
and both forms are suited to reproduce articulate speech so that it 
can be readily understood, and will do so, as I know from repeated 


experiments with condensers of the same constructions.” 

The deseription of Dr. Wright’s apparatus and its 
mode of operation, when taken in connection with the 
statements and admissions of Professor Cross and 
Wright, and the evidence adduced in this case con- 
cerning the Reis apparatus and its mode of action, 
clearly establishes : 

1. That Dr. Wright used an apparatus consisting of 
a primary cirewt included in which was a battery, a 
Reis varlable resistance transmitter and the primary 
helix of an induction coil provided with a secondary 
helix, the wires of which were suitably connected to the 
plates of a condenser receiver. 

2. That Wright substituted his condenser in the Reis 
apparatus for the magneto receiver used by Reis, as a 
means of converting electrical vibrations into sound 
vibrations, or undulations, produced by the voice. 

3. That a Wright condenser will transform electrical 


—— 
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variations, or undulations similar in form to the sound 


waves into corresponding sonorous vibrations, and 


thereby produce sounds and articulate speech. 
4. That by Wright’s method : 
phragm was set into vibration by the impact of air 


L 


transmitting 


-o 


dia- 


* waves produced in any manner, thereby causing in the 


batterv cireuit a corresponding variation of resistance 
« ; ™- 


and consequently a corresponding variation of current. 


This variation of current caused corresponding varia- 


tions of magnetism in the core of the induction coil, 


which in turn induced corresponding magneto currents 


(undulations) in the secondary helix of the coil, which 


passing through the secondary wire to the condenser 


plates vil rated them and thus transformed the electri- 


eal variations or undulations 
and sounds. 


into 


sonorous vibrations 


It is, therefore, obvious that Mr. Bell was not the 


first to utilize the sound waves 


or 


motion 


of the 


alr 


articles at the transmittine station to move a dlia- 
©, 


yhragm there placed, whose motion in turn served to 
| < b 


vary the electrical condition of the line wire leading to 


a receiver; nor was he the first to transform electrical 


undulations similar in form to 


the 


sound 


Waves 


into 


corresponding sonorous vibrations and thereby produce 


musical sounds and articulate speech. 


Messrs. Cross 


and Wright, in their depositions, from which the above 


quotations were made, state that Dr. Wright’s appara- 


tus was capable of transmitting pztch—that is, simple 


musical tones. 


But it has already been shown that the 


Reis apparatus will transmit and reproduce articulate 


speech, and Professors Cross and Wright both admit 
that the condenser-receiver of Dr. Wright, when prop- 
erly coupled in a telephonic circuit such as he used, 
Manifestly the elec- 
trical variations produced in the secondary circuit of 


will reproduce articulate speech. 


the Wright induction coil were un/ulatory in character 
,—if the defendants are undulatory—and so moved or 


vibrated the condenser plates as to produce correspond- 
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ing sonorous vibrations and sounds at the receiving 
station. 


II. 
Van der Weyde. 


Mr. Van der Weyde, at an early date, made some inter- 
esting experiments with the Reis telephone. His only 
information of the Reis invention was derived from 
Hessler’s article (Record, p. 287, answers 132-3), an ar- 
ticle which does not allude tothe invention as intended 
for or capable of transmitting speech. 

Dr. Van der Weyde constructed a number of instru- 
ments. They were somewhat different in form from 
those constructed by Mr. Reis. Two forms of trans- 
mitters are shown, in one of which a tin box is used, 
and in the other a wooden box; both the tin and the 
wooden boxes had devices in the shape of screws for 
adjusting the contact between the needle and the strip 
underneath it which lay upon the diaphragm. It will 
he noticed that Dr. Van der Weyde’s transmitters were 
constructed with a tubular mouthpiece. The Doctor also 
constructed several receivers. His first receiver con- 
sisted of a quite long iron bar, wound with wire, the 
end of which was close to a metal diaphragm fastened 
allaround the edges and circular in form. His other 
receiver consisted of a horseshoe magnet similarly 
wound with wire, and the poles of which were opposite 
to a circular metal disk mounted ina frame. The Doe- 
tor gave public exhibitions of the use of these instru- 
ments, and with them transmitted tunes and words 
which were heard by many persons. That he did trans- 
mit tunes would seem beyond question on the 
evidence in the case. Many witnesses _ testify 
that when the transmission was of songs they 
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not only recognized the tunes, but also the 
words which were sung. The testimony of Dr. Van 
der Weyde and of the witnesses who testified about ‘his 
machine is found on page 259 of Record, et seg. On 
page 260, the doctor says that he had found the de- 
scription of Reis’ telephone in Hessler’s text book of 
physics; that as Hessler does not mention the possi- 
bility of transmitting speech, but only mentions it as 
a telephone to transmit musical tones, and being a 
musician, the doctor had for a long time been contem- 
plating if music could not be transmitted by electric 
currents; that his whole attention was directed in that 
direction, and that all the improvements made by him 
were calculated to make the transmission of music more 
perfect. When the instruments were finally ready, he 
exhibited them at a meeting of the Polytechnic Club 
of the American Institute, in room 24, Cooper Union, 
January 7, 1869. He says that as far as he remembers 
on that occasion the experiments were confined to the 
reproduction of the human voice, while he was giving 
his exclusive attention to the correct reproduction of 
the melody ; he cannot remember who sang, but some 
of the members present volunteered to sing at the 
other end of the line. They sang parts of popular 
songs, such as “ Auld Lang Syne” and ‘“ Home, 
Sweet Home,” and the reproduction was quite 
satisfactory to him, being correct, except that the 
pitch of some tones was louder than that of others. 
He says that some of the parties present who listened 
stated that they could distinguish the words of the 
song, but that his prejudice was so great against 
that, that he ascribed it to imagination, giving 
his special attention to the musical qualities of 
the tone. The doctor himself says that he listened 
at the receiver and heard the singing and that it 
sounded like a human voice, but rather nasal (page 


‘263). The doctor further says that in August, 1870, he 


gave an account of his improvements in the way of 
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the American Association for the Advancement of Se1- 
ence, and that there somebody suggested the use of an 
iron diaphragm, or tinned iron, instead of the brass 
plate, in front of a horseshoe magnet. He says that in 
addition to the trausmitting of melodies sung by the 
human voice, he experimented by the tones of the vio- 
lin, flute and loose organ pipes, and he says that in 
using the different instruments mentioned to actuate 
the transmitter, he could distinguish one instrument 
from another (pages POS—2bOYD), 

We desire here to call the attention of the Court to 
the fact that one instrument could be distinguished 
from another by means of the telephones used by Dr. 
Van der Weyde. That beimeg so, those instruments must 
have transmitted what is called quality; because the 
only difference in a note sounded by one instrument 


»7 | » > 
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ver is that difference which is called quality, 
which consists in the number and variety of over-tones 
which are transmitted with the fundamental. If, then. 
these instruments used in America, publicly used in an 
exhibition, did actually operate to transmit the tones of 
the various instruments so that the instruments could 
have been distinguished and were distinguished one from 
another, the thing must have been done, according to 
complainants, upon the same principle and upon the same 
theory, or upon the same process or method described 
in Mr. Bell’s patent, to wit, by creating electrical un- 
dulations upon the lne-wire which corresponded in form 
with the aerial vibrations which actuated the transmit- 
ter. Dr. Van der Weyde says that at the meeting on Jan- 
uary 7, 1869, a number of persons, whom he mentions, 
told him that they heard and understood the words of 
the song (see page 270). Mr. Blanchard, on page 318, 
testifies that he was one of those who were present on 
the occasion of January 7. 1869, referred. to. He states 
how he came to be ealled as a witness in answer to the 
14th cross-interrogatory on page 320: That about four 


transmitting musical melodies at the Troy meeting of 
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or five weeks prior to the date of his examination Dr. 
Van der Weyde made a public inquiry at a meeting of 
the Polytechnic Association of the American Institute if 
there was any person present who remembered his ex- 
hibition of the telephone. “I told him I remembered 
it.” The subsequent witnesses make substantially the 
same statement, saying that they were . produced and 
examined simply because in answer to that public in- 
quiry of Dr. Van der Weyde at a meeting of the associa- 
tion, he asked for persons who had been present at his 
exhibition in January, 1869, and they responded. 

Mr. Blanchard says in answer to the 9th interroga- 
tory that he heard when listening at the receiver. the 
tones of the violin dimly, faintly; he took it to bea 
violin. He heard also a tune or part of a tune sung by 
some person, and heard the words faintly but still dis- 
tinctly. 

Mr. John R. Hudson, on page 324, says he heard 
tunes and could recognize the sound as proceeding from 
the human voice. 

Mr. Benjamin Finnell, on page 627, says he could 
distinguish the sounds as those of the human voice and 
could and did distinguish words. 

Mr. Albert Hatch, page 537, listened at the receiver ; 
he talked or sang into the transmitter; he heard the 
strains of the old plantation song, the ‘‘ Old Folks 
at Home ” and recollects hearing “ Way Down upon 
the Suwanee River.” 

Mr. Nicholas Johnson (pages 332-5), was there but 
did not listen, but heard people standing near the re- 
celving instrument saying that they could hear and dis- 
tinguish the sounds in that instrument. 

In addition to these witnesses, there is the testimony 
of Mr. Frederick M. Vietor, who testified to having been 
« pupil of Mr. Reis and to having witnessed some of 
Mr. Reis’ experiments with lis telephones, wherein 
Mr. Reis explained to his pupils that the werds or 
sounds spoken into the instrument resembling the ear 
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at the other end would be carried by the electricity to 
this box, which he supposed was called a receiver, and 
there heard audibly. 

The instrument and the experiments therewith dis- 
closed in this, testimony of Dr. Van der Weyde and the 
persons who witnessed his experiments conclusively 
show that speaking telephones were manufactured and 
used publicly at that time, and that they did publicly 
transmit speech better than anything done by Mr. Bell 
until long after the date of his patent No. 174,465. 

In addition to the actual results produced we have 
the testimony of Dr. Vander Weyde that he observed 
and acted on the fact that the best results were ob- 
tained ‘ with a shght permanent contact” (p. 288). 

The doctor says, p. 287: “IfI had seen those Ger- 
man journals which gave a correct account of what 
Reis had done and how he had done it and what he 
had accomplished I would never have been so much in 
the dark as to suppose that his telephone would not 
transmit speech; but as I say, having the misfortune 
of believing in Hessler, I believed, wrote and published 
the opinion that Reis’ telephone could only transmit 
music and not spoken words.” And further down the 
page: “This statement of Hessler prevented me to 
carefully notice what took place in my transmitters, 
which is not a separation of the platinum parts, but a 
closer compression. In fact by speaking in the mouth- 
piece the vibration of the air in the box presses the 
membrane with the platinum foil more closely against 
the platinum point over it; in that way alternately in- 
creasing and decreasing the conductivity of the parts 
and consequently causing a fluctuating of the currents. 

“Tt is Hessler’s fault that [ was blind for this obser- 
ration.” 

‘Finding as I did, that it was not necessary to keep 
the point at the small distance from the membrane, 

this position of the point gave me in fact a snarly re- 
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production of the pitch, while a slight permanent contact 
gave me the best results.” 

Thus we have the modern microphone in actual use 
in this country according to the modérn method long 
prior to the Bell patent and to any pretense of Bell’s 
invention or conception—in use in a far more definite 
and public way that either the hinge or the safe lock in 
the Hinge or Safe Lock cases. 

Whether the true explanation or theory were given 
is of no consequence. The so-called method of pro- 
ducing undulations similar in form was there. It was 
found to produce the best results and was used pub- 
licly long before the earliest date Bell gives to his con- 
ception. 


ITI. 
The Varley Patent. 


On the 8th day of April, 1870, British Letters Patent 
numbered 1044 were granted to Cromwell Fleetwood 
Varley, of Beckenham, England, for improvements in 
a system of harmonic multiple telegraphy. 

The patent referred to will be found in the Dowd 
Circuit Record, pp. 546-566; Dolbear Record, pp. 
633-642 ; O., pp. 3642-3658. 

The Varley “ invention has for its object the increase 
of the transmitting power of telegraph circuits by en- 
abling more than one operator to signal independent 
messages at the same time upon one and the same wire 
to and from independent stations.” 

Referring to his method and apparatus Mr. Varley 
Says: 

i | 
‘* By my invention I superpose upon the currents used for work- 
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ing the ordinary telegraphs rapid wnrdulations* or waves which do 
not practically alter the mechanical or chemical power of the ordin- 
ary signal currents, and by new apparatus hereinafter described, 
these undulations are.made to produce distinct and independent 
audible or other signals so long as these undulations are produced, 
whether ordinary signal currents be flowing or not” (p. 554); QO., 
p. 3647. 

Among the claims in the Varley patent are the fol- 


lowing : 


‘* Having thus described the nature of my invention, and the 
manner of performing the same, I would have it understood that I 
claim the construction of electric telegraphs in such manner that 
current signals and wave signals may be simultaneously transmitted 
through the same line wire and may be rendered sensible at the re- 
ceiving station by separate instruments, the one sensitive to cur- 
rents of appreciable duration and the other to electric waves or 
vibrations. 

‘*T also claim the construction of electric telegraphs with, at the 
transmitting station, an instrument capable of originating in the 
line wire a succession of rapid and regular electric waves, and at 
the receiving station a strained wire, a tongue,” (equivalent to 
Bell’s armature) ‘‘or such like instrument adjusted to vibrate in 
unison with the electric waves, and being magnetized by them 
oscillating to and from the pole or poles of a magnet in its 
vicinity. 

* * *K * * * * *« 

‘* T also claim the construction of electric telegraphs with, at the 
transmitting station, an instrument capable of originating in the 
line wire a succession of rapid and regular electric waves, and at 
the receiving station a condenser consisting of thin sheets capable 
of being agitated by such waves” (pp. 5645); O., pp. 3657-38. 

The drawings of the patent show and the specifica- 
tion thereof describes an ordinary Morse telegraph 
circuit, provided with sending keys for Morse signals, 
and a battery having suitable connections with such 
keys and with the earth. 


* This is believed to be the ‘first use of the term ‘*‘ undulation ”’ 
to signify an electrical variation. The adoption of this name by Mr. 
Bell has helped on the misconception-—-in which he was himself at 
one time involved —that he had invented the undulatory current. 
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The wave signal apparatus, which is to be used in 
connection with the ordinary telegraph circuit and 
apparatus, consists essentially of an induction coil, the 
primary circuit of which includes a battery, an electro- 
magnet and a tuning fork which is caused by the cur- 
rents from the battery to vibrate between two contact 
points, and thus alternately open and close two branches 
of a primary circuit, which include two primary coils 
wound in opposite directions around the core of the in- 
duction coil, upon which a secondary wire is also 
wound. The two primary helices are wound in opposite 
directions in order that currents may alternately flow 
through them and so that the polarity of the core of 
the induction coil will be reversed at each alternation 
of current. A Morse sending key is placed in the 
secondary circuit of the induction coil. One terminal 
of the secondary wire of the induction coil is connected 
to the earth and the other to the hammer-anvil of the 
finger-key. The stop-anvil of the key is connected by 
a wire to a cymaphen, or acoustic receiver, and to the 
earth. A condenser made of paper and metal foil is 
employed at the transmitting station, and is interposed 
between the sending key and the line wire ; one plate 
of the condenser being connected to the key and the 
other to the line. The wave signalling apparatus at the 
receiving station consists of a condenser similar to that 
at the transmitting station, one plate or armature of 
which is connected to the line and the other to a 
cymaphen, or acoustic receiver, which latter has also 
suitable earth connection. 

The cymaphen, or acoustic receiver, consists essen- 
tially, of an iron frame containing a sounding board, 
and is provided with bridges at the ends of which a 
hard drawn iron or steel wire is stretched from one end 
to the other, and is strained so as to sound the 
same note as the tuning fork of the sending instru- 
“ment. ‘The wire passes through a hollow helix of insu- 
— lated copper wire, the helix being attached to the frame 
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supporting the sounding board, but not touching it. 
Two horse-shoe magnets are placed one on each side 
of the wire. The specifications say that : 


‘¢ The currents magnetize the wire inside the helix, and so cause 
it to be attracted and repelled from one magnet to the other. When 
the wire is properly tuned so as to vibrate synchronously with the 
apparatus at the distant end, making the alternations in the current, 
the sound from very feeble currents is distinctly audible” (p. 557; 


O., p. 3650). 


In the specification of the patent it is also stated 
that : 


‘‘ The sounding board (of the acoustic receiver) may be replaced 
by a strained diaphragm, or a drum-head, on which one of the 
bridges over which the wire is strained is supported: this arrange- 
ment gives a better sound with very feeble currents, but with mod- 
erate currents the sounding board appears to have the advantage "» 
(p. 557; O., p. 3650). 


When the key at the transmitting station is de- 
pressed the condenser is put into electrical connection 
with the secondary circuit of the induction coil and the 
wave generating apparatus. The induced currents gen- 
erated in the secondary wire of the coil are conveyed 
to one plate or set of plates of the condenser at the 
transmitting station and pass through it by induction 
and to and over the line wire to the condenser at the 
receiving station then inductively affecting or passing 
through that instrument to the ground, operating the 
ecyinaphen or acoustic magnet receiver on their way. 
Mr. Varley proposes to utilize these undulatory cur- 
rents to work acoustic magnetic receivers of various 
forms. The specifications say : 


‘* There are various ways in which the wave signal receiving 
apparatus may be constructed, * * *  , thus the condenser itself 
may be the receiving instrument.” (p. 559: O., p. 3652). 


The condensers themselves may be used for producing 
sound as the following extract from patent will show: 


‘The first or communicating station produces in its con- 
denser rapid charges and discharges; these add to and take from 
the line a number of small electric impulses without affecting the 
mean magnetizing power of the current through the line. These im- 
pulses charge and discharge the second condenser at the other end. 
These undulations in the second condenser can 
following manner : 

‘¢ First. If the condenser be made of paper and metal foil the 
rapid charges and discharges produce a musical sound. 

‘‘Seconp. If those rapid alternations be made to pass round a 
helix containing an iron rod a musicial sound is produced” p. 550; 
O., p. 3648). 


Again the patentee says: 


‘‘Tf a steel tongue, (armature) similar to one of those used in a 
musical box, be magnetized and placed inside a helix of fine wire, 
and its lip is placed between the poles of a powerful permanent 
magnet, the alternating currents will cause the tongue to vibrate 
and produce a musical sound so long as the alternations are op- 


erating. 


Further on in the specifications it is stated that 


‘Vibrations are rendered sensible by placing a movable iron 
bar between the poles of an electro-magnet or inside a helix, and 
one or both of its ends between the poles of permanent magnets; 


ba * 


The vibration of the currents cause it to vibrate between 


the poles of the electro or permanent magnets and so produce dis- 
tinctly audible sounds” (p. 560; O., p. 8653). 


alternate sheets of 


The Varley condenser is made of 
tin-foil and dry paper, and in the 
patent it is said that : 


specification of the 


‘*Such a condenser, consisting of from 
found to be much agitated and to produce a loud note with five 
hundred alternations of current per second, if the potential be 50 to 
100 volts” (p. 559; O., p. 3652). 


20 to 50 sheets, will be 


The patentee also suggests the use of two or more 


tuning forks as an apparatus by which electric waves 


may be generated. 


The specification says that two sets 


«of wave signals may be transmitted and received 
simultaneously through the same wire and independ- 
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ently of the current signals, if a sufficient difference be 
made in the periods of the two sets of waves. Thus if 
waves of 200 vibrations in the second, and waves of 
850 or 900 vibrations in the second, be simultaneously 
transmitted and received by two separate cymephens, 
the one adjusted to the slow, and the other to the rapid 
vibrations, they may be separately read, as_ the vibra- 
tions which affect the one are inoperative upon the 
other. Morever, the specification referring to figure 8 
states that ‘‘ By using these instruments, these appa- 
tus together with cymaphens, as is shown in figure 8, 
three messages can be sent from end to end of such a 
circuit at the same time independently of each other.” 

In addition to a transmitting apparatus, consisting of 
a tuning fork and an electro-magnet, the specification 
sets forth that there are several other methods of pro- 
ducing electric waves in the line. A tongue similar to 
those used in harmoniums is made to vibrate by air 
between contact points and so connect the condenser 
alternately with the battery and with the ground. 
Obviously a series of tuning forks or vibrating reeds, 
capable of producing musical notes of different pitch 
could be employed in the Varley wave signalling ap- 
paratus, whose tones being transmitted to the condenser- 
receiver would thus produce harmony and melody. It 
is also stated in the patent that 


‘‘A magneto machine rapidly rotating will do the above duty” 
(that is, produce electric waves in the line) ‘** equally as well if its 
speed of rotation be controlled by a good governor. The tuning 
fork and vibrating tongue arrangement can be set to and can keep 
up any desirable rate of vibrations” (pp. 552-8: O., p. 3646). 


In the Dolbear case (Dolbear Record, page 256) 


Prof. Cross says : 


‘‘In my first affidavit in this case I referred to the fact that pre- 
vious to the date of Bell’s patent, electrical variations in the sec- 
ondary circuit of an induction coil were utilized to produce sound 
by causing vibratory movements in plates. In this statement the 
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defendants consider that I was mistaken. I had in mind three par- 
ticular pieces of apparatus. * * * Third, the condenser de- 
scribed by Varley in his English patent No. 1044, of April 8th, 1870. 
* * * Jn the Varley apparatus one plate of the condenser was 
connected to one terminal of the secondary helix of an induction coil, 
while the primary circuit was made and broken by a tuning fork or 
other suitable arrangement. The purpose of the Varley was to re- 
produce in this receiver the pitch of tne transmitter in a system of 
harmonic multiple telegraphy.’ 


Prof. Cross quotes Mr. Varley’s description of his 


condenser, wherein he says : 


‘‘Impulses however passed through the condenser or the indue- 
tion coil used, or both, and operated various forms of magneto- 
receivers to produce musical notes corresponding to the rate of in- 
terruption by the tuning fork transmitter.” 


On page 260 of the Dolbear Circuit Record, Prof 
Cross states that the Varley condenser may be used as 
a telephone receiver, and on page 264 of the same 
Record he says that “the Varley condenser, constructed 
asin Mr. Varleys patent already referred to is capable 
of reproducing speech.” 

Again, at page 465 of the same record, Prof. Cross 
says: “ That the condensers (Varley and Wright) made 
before 1876, or directed to be made, for the purpose of 
transforming electrical variations into sound waves, 


will to-day transform electrical undulations similar 27? 


form 10 sound MLvES nto COP TE sponding SOHMOPOUS vibra- 
tions, and thereby produce articulate speech,” 

In the Dolbear Cireuit Record, page 287, Prof. 
Arthur W. Wright refers to the Varley patent and_ to 


the apparatus therein described, as follows : 


‘‘ In the vear 1870 Mr. C. F. Varley obtained a patent (English 
Patent Number 1044) for a telegraphic apparatus in which the 
sound transmitted by a condenser was utilized. In this system the 
current from a battery traverses the primary wire of an induction 
coil. The induction currents generated in the secondary wire of 
the coil are conveyed by a wire from one of its poles (the other being 
grounded) to one plate or set of plates of a condenser. The other 
plate of the condenser is connected to a line wire. At the other 
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end the line wire is connected to one terminal of a condenser at the 
receiving station, the remoter terminal of this condenser teing con- 
nected to the ground.” 


He then shows by diagram the arrangement of the 
Varley apparatus and conductors, and says that: 


‘‘Mr. Varley’s statement of the operations was that the signals 
sent by the Morse key K, would work the Morse receiver 8, but 
were not sufficiently sharp and rapid to produce effects on or 
through the condensers. On the other hand, the rapid and sharp 
‘waves signals’ sent by the harmonic transmitter C B (tuning fork 
and electro-magnet), which broke the circuit several hundred times 
a second, would pass through the condenser C by induction, would 
reach the point J, would not be able to effectively pass the sluggish 
electro-magnet E M, but would pass to the condenser C!, then in- 
ductively affect or pass through that instrument to the ground, 
operating the acoustic magnet receiver on its way.” 

‘*Confining our attention to what Mr. Varley calls the ‘ wave 
signals,’ which are those sent from the induction coil I C, and 
which operates the receiving condenser C!, or the receiver 
(cymuphen) A R, we find that in this apparatus the electrical im- 
pulses produced by induction in the secondary wire of the coil alone 
pass over the line wire, as no part of the battery current can enter 
it. Mr. Varley proposes to utilize these currents to work acoustte 
magnetic receivers of various forms, for which they are well 
suited.” 


Furthermore, on page 290 of the Dolbear Record, 
Prof. Wright states that : 


‘“These condensers (Varley and Wright) reproduce musical 
sounds, and both forms are suited to reproduce articulate speech so that 
it can be readily understood, and will do so, as I know from re- 
peated experiments with condensers of the same construction.” 


IV. 
A comparison of Varley and Bell. 


Having described the method and apparatus set 
forth in the Varley patent, we will now—and at this 
place—compare the same with the method and appar- 


atus of Mr. Bell’s patent No. 174,465. 
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Mr. Varley’s patent sets forth a system of harmonic 
multiple telegraphy. 
Prof. Cross, Dolbear Circuit Record, p. 257. 


The specification of the Varley patent recites that its 

f objects is to increase the transmitting power of tele- 

graph circuits by enabling more than one operator to 

signal independent messages at the same time upon 

one and the same wire to and from independent sta- 
tions. 

In another part of the specification it is stated that : 


‘Two sets of wave signals may be transmitted and received 
simultaneously through the same wire, and independently of the 
current signals if a sufficient difference be made in the periods of 
the twosets of waves. 

‘Thus, if waves of 200 vibrations in the second, and waves of 
850 or 900 vibrations in the second, be simultaneously transmitted 
and received by two separate cymaphens, the one adjusted to the 
slow, and the other to the rapid vibrations, they may be separately 
read as the vibrations which affect the one are inoperative on the 
other.” | 


Again, the specification recites that : 


‘‘By using these instruments, these apparatus together with 
cymaphens, as is shown in figure 8, three messages can be sent 
from end to end of such a circuit at the same time independently of 
each other.” 


In the first claim of Mr. Varley’s patent, he says : 


‘¢T would have it understood that I claim the construction of 
the electric telegraphs in such manner that current signals and 
wave signals may be simultaneously transmitted through the same 
line wire, and may be rendered sensible at the receiving station by 
separate instruments, the one sensitive to currents of appreciable 
duration and the other to electric waves or vibrations.” 


Thus the Varley patent shows and describes a sys- 

tem of multiple telegraphy whereby a number of tele- 
“graphic signals can be sent simultaneously over the 
‘ same circuit in either or in both directions. 


ee 
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Mr. Bell’s first patent also describes and claims a 
system of multiple telegraphy. In his second patent, 
No. 186,787, he refers to the method and apparatus 
contained in his first patent as follows : 


‘‘ In Letters Patent, granted to me March 7, 1876, number 174,- 
465, I have shown and described a method of an apparatus for pro- 
ducing musical tones by the action of undulatory currents of elec- 
tricity, whereby a number of telegraphic signals can be sent simul- 
*, ete. 


taneously over the same circuit in either or in both directions,’ 
In the specification of the first patent, Mr. Bell 


Says : 


‘* In illustration of my method of multiple telegraphy I have 
shown in the patent aforesaid, as one form of transmitting instru- 
ment, an electro-magnet having a steel spring armature which is 
kept in vibration by the action of a local battery.” 


In another part of the specification of the same _ pat- 
ent it is stated that 


‘* The co-existence upon a telegraphic circuit of electrical vibra- 
tions of different pitch is manifested, not by the obliteration of the 
vibratory character of the current,” ete. * * * 


wain it is said that 


And : 


sv these instruments (shown in Figs. 5 and 6 of the patent) two 
or more telegraphic signals or messages may be sent simultaneously 
over the same circuit without interfering with one another.” 


Referring to the instrument shown in Fig. 6 of the 


patent, Mr. Bell says: 


‘* When two or more instruments of different pitch are simulta- 
neously caused to vibrate all the instruments of corresponding 
pitches upon the circuit are set in vibration, each responding to that 
one only of the transmitting instruments with which it is in unison.” 


Hence, it is obvious that Mr. Bell’s first patent, like 
that of Varley’s relates primarily at least, if not—as 
we believe it does—whol/y, to improvements in har- 
monic multiple telegraphy. 


185 


Mr. Varley, like Mr. Bell, employs vibratory or un- 
dulatory currents of electricity in the method and ap- 
paratus described and claimed in his patent. For ex- 
ample, he says: 


‘* By my invention I swperpose upon the currents used for work, 
ing the ordinary telegraphs, rapid wndu/ations or waves, which do 
not practically alter the mechanical or cheiical power of the ordi- 
nary signal currents, and by new apparatus hereinafter described, 
these undulations are made to produce distinct and independent 
aud'ble or other signa/s so long as these undulations are produced, 
whether ordinary signal currents be flowing or not” (Dowd Rec..- 
p. 554; O., p. 3647). 


And again, in two of the claims, Varley refers to the 
/ : 
employment of undulatory currents as follows: 
. | 
} ‘*T also claim the construction of electric telegraphs with, at the 
| transmitting station, an instrument capable of originating in the 
line wire a succession of rapid and regular electric waves, and at 
- the receiving station a strained wire, @ tongue (armature) o7 such 


like instrument adjusted to vibrate in unison with the electric waves” 
(Lbid., p. 504: Q., p. 8657). * * * *Talso claim the construc- 
tion of electric telegraphs with, at the transmitting station, an in- 
strument capable of originating in the line wire a succession of rapid 
and regular electric waves, and at the receiving station a@ condenser 


consisting of thin sheets capahle of being agitated by such waves 


(lbid., pp. 564-5; O., pp. 8657-8). 


In Mr. Varley’s method rapid waves or undulations 
are superposed upon the ordinary telegraph or battery 
current, thereby adding to and taking from the line 
current a succession of electric impulses without affect- 


ee ee ee 


ing the mean magnetizing power of the currents 
through the line. In other words, the magneto cur- 
& rents, which are induced in the secondary circuit of the 
induction coil of Mr. Varley’s wave signalling apparatus 
being added to the line current alternately strengthen 
and weaken it, thus producing electrical undulations 
upon the line which passing to the condenser-receiver 
L or to the acoustic receiver, are there transformed into 


corresponding sonorous vibrations and sound. 
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Although Varley speaks of his undulations as “ 
ular,” it is manifest that they are just what Bell's are, 


since they will transmit speech, 


reg- 


Cross, supra. 


The production of undulations by throwing a battery 
current into waves has been a favorite theory with Mr. 
Bell. For example, in a communication to the Ameri- 
‘an Academy of Arts and Sciences, Dowd Record, page 
28 (Q., p. 3455), he says : 


‘‘A steel tuning-fork, which had been previously magnetized, 
was caused to vibrate in front of the pole of the electro-magnet. A 
musical note, similar in pitch to that produced by. the tuning-fork, 
proceeded from the telephonic receiver in a distant room.” 

‘¢ The effect was much increased when a battery was included 
in the circuit. In this case, the vibration of the permanent magnet 
threw the battery current into waves. A simtlar effect was produced 
by the vibration of an unmagnetized tuning-fork in front of the 
electromagnet.” 

‘‘And here I may remark that, although the conception of the 
undulatory current of electricity is original with myself, methods 
of producing sound by means of intermittent or pulsatory currents 
have long been known” (Mol. Rec. p. 1999; O., p. 2727). 


In Mr. Bell’s English patent (Third Plan, Dowd Cir- 
eult Record, p. 93) the specitication recites that : 


‘‘When the permanent magnet is caused to vibrate in front of 
the pole of an electrc-magnet which is placed in circuit with a vol- 
taic battery, the andulatory current induced by the vibration of the 
permanent magnet is superposed upon the voltaic current. When 
the induced impulse is of similar polarity to the voltaic current it 
serves to strengthen the intensity of the latter, but when it is of 
opposite polarity it tends to neutralize the voltaic current. In such 
an arrangement the resultant effect of the vibration of the perma- 
nent magnet is to throw the battery current into waves, as in line 3, 
figure 6, by alternately increasing and diminishing the intensity of 
the current.” 


The apparatus shown and described in Mr. Bell’s 
English patent is substantially like that set forth in his 
two United States patents numbers 174,465 and 
186,787. 


fi 
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Now, referring to Mr. Bell’s patent of March 7, 1876, 
we find that his 


‘‘Invention consists in the employment of a vibratory or un- 
dulatory current of electricity in contradistinction to a merely in- 
termittent or pulsatory current, and of a method of, and apparatus 
for, producing electrical undulations upon the line-wire.” 


We have already shown that the apparatus set forth 
in Mr.-Varley’s patent employs an undulatory current 
of electricity and describes and claims a method of pro- 
ducing electrical undulations upon the _line-wire. 
There is no substantial difference between the undula- 
tory currents of Mr. Bell’s first patent and that of Mr. 
Varley. Mr. Bell defines electrical undulations as re- 
sulting 


‘‘ From gradual changes of intensity exactly analogous to the 
changes in the density of air occasioned by simple pendulous vibra- 
tions.”’ 


“Simple pendulous vibrations ” would produce sim- 
ple sounds or musical tones like those of a tuning fork 
or harmonic transmitter, such as Mr. Varley employs 
in one form of his wave signalling apparatus. Simple 
pendulous vibrations would also induce in the line-wire 
electrical undulations or changes like those referred to 
in Mr. Bell’s first patent—that is, they would be similar 
in form to the undulations generated by the apparatus 
shown and described in Figs. 5 and 6 of said patent. 
The action of the instruments in Fig. 6 is described as 
follows : 


‘* When the armature of any one of the instruments is set in vwi- 
bration, allthe other instruments upon thecircuit which are in unison 
with it respond, but those which have normally a different rate of 
vibration remain silent.” 


The armatures employed in those instruments are 
therefore tuned armatures, and the receiving ar- 
mature in vibrating produces a musical note of a 


strument 


patent. 


rod, the 
sound.” 


(t. €. 


with 


which 


ponding note or sound. 
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Hence 


it is in 
form of the Varley apparatus the strained wire of the 
cymaphen vibrates synchronously with the tuning fork 


unison. 


So 


pitch comesponding to that of the transmitting in- 


in one 


at the transmitting station, thus producing a corres- 


it follows that so far 


ley’s tuning fork and strained wire. 


as the production of undulations is concerned, there is 
no substantial difference between the electrical undula- 
tions generated by Mr. Bell’s tuned armatures or reeds 
(Figs. 5 and6) and the undulations caused bv Mr. Var- 
Moreover, other 
modes of producing electrical undulations than a tun- 
ing fork are suggested and described in Mr. Varley’s 


He says that if the rapid alternations of cur- 


1Yon 


rod 


will 


issue 


< 


L 


feeble 


And again, the patent states : 


but 


rent be made to pass around a helix containing an 1ron 


cistinet 


‘* If a steel tongue (armature), similar to one of those used ina 
musical box, be magnetized and placed inside a helix of fine wire, 
and its lip is placed between the poles of a powerful permanent 
magnet, the alternating currents will cause the tongue (armature) to 
stbrate and produce a musical sound so long as the alternations are 
operating” (Dowd Rec., p. 560): O., p. 3653. 


In another part of the specification Varley suggests 
that a harmonium tongue (armature) may be vibrated 
by air between contact points, and so connect the con- 
denser alternately with the battery and the ground. 

Furthermore, Varley’s patent states that 


‘“a magneto-machine rapidly rotating will do the above duty 
, generate electric waves) equally well, if its speed of rotation 
be controlled by a good governor. 


In Mr. Bell’s first patent a similar apparatus for pro- 
ducing undulations is described, to wit: 


‘* When a cylinder, upon which are arranged bar magnets, is 
made to rotate in front of the pole of an electro-magnet, an undu- 
latory current of electricity is induced. in the coils of the electro- 
magnet” (Mol. R., p. 51); O., p. 48. 


‘| 
i] 
f 
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If the magneto-machine, referred to in Mr. Varley’s 
specification, were interposed in the primary circuit of 
the induction coil, then it is clear that the rapid rota- 
tion thereof would produce electrical undulations 
in the secondary cireuit like those described by Mr. 
Bell in his patent No. 174,465. Such an alternative 
transmitter would not necessarily interrupt the pri- 
mary circuit in which it was placed, and in that event 
both the primary and secondary circuit of the induction 
coil would always be closed during the transmission and 
reproduction of sounds. 

D’Infreville, Dowd Cireuit Record, Vol. I., 
p. 607; O., pp. 3392-3. 


Hence, the electrical undulations, produced by the 
apparatus illustrated in figures 5 and 6 of Mr. Bell’s 
first patent, are substantially like those employed by 
Mr. Varley in the apparatus set forth in his patent 
number 1044. 

Furthermore, the substantial identity of the currents 
used in the two apparatus of Varley and Bell is proven 
by Prof. Henry Morton, who testified on behalf of the 


appellants in this case, as follows : 


‘* T find in the English patent to Cromwell Fleetwood Varley 
No. 1044, dated April 8th, 1870, description of an apparatus for 
transmitting telegraphic signals, in which an undulatory current is 
employed, the said undulatory current being obtained from a mag- 
neto-machine rapidly rotated and having its rotation controlled by 
a governor. In this patent not only is it proposed to transmit a 
single set of signals over a wire by this means, but it is also pro- 
posed to transmit several signals at once over one wire by the use of 
such undulatory or wave currents; the means of securing this 
multiple transmission being the adjustment in the wave length of 
the several wave currents, so that each of them shall operate upon a 
different receiver sensitive or responding to that wave length and 


not to the others.” * * * 


If the condenser-receiver were employed at the re- 
ceiving station, it would respond to any wave length of 
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the currents transmitted to it, because it will reproduce 
articulate speech. 

As to the identity of the current in the patents of 
Varley and Bell, he says : 


‘‘ So far as the mere fact that an undulatory, as distinguished 
from an interrupted or pulsatory current is concerned, there would 
be no difference whatever. The only difference would be that 
where the apparatus shown in figure 7 of the Bell patent was used 
& more complex or irregular undulatory current might be produced 
than with the arrangement shown in the Varley patent.” 


Mol. Rec., pp. 354-855; O., pp. 751-752. 


Prof. C. F. Brackett, testifying on behalf of the ap- 
pellants in this case (Mol. Rece., p. 362; O., p. 759), 
states that the Varley Patent 1044 describes an undu- 
latory current together with the means of producing it, 
and that there is no difference between the undulatory 
current of the Varley patent and that referred to in Mr. 
Bell’s patent number 174,465. 

Prof. Charles A. Young, another expert witness, 
valled on behalf of the appellants (Mol. Rec., p. 400; 
O., p. 797), among other things testified as follows: 
“The magnetic inertia of this (induction coil) core is 
so great that there will never be an instant during 
which its magnetic condition will not be constant. <A 


secondary coil is wound over the primary coil (as in an 
ordinary induction coil) and interposed in the circuit 
of the line. The consequence is a regular succession 


of electric waves of nearly sinusoidal form, alternately 


positive and negative, superposed upon the steady cur- 
rent of the line produced by the batteries in the line 
circuit.” * * * ‘Testifying further as to the identity 
of the currents, he said : 


‘* | think there is no substantial difference.. In neither case is 
there any finite time during which the strength of the undulatory 
current is not increasing or decreasing. And the strength of the 
undulatory current at any given moment would be represented by 
approximately similar formule in both cases.” 


191 


Moreover, there is no substantial difference between 
, an undulatory current such as would be produced by 
the apparatus of Mr. Varley or by that shown in Figs. 
5 and 6 of Bell’s first patent, and an undulatory current 
created or generated by an apparatus constructed in 
accordance with Fig. 7 of said Bell patent. This fact 
is substantially admitted by Prof. Cross in his deposi- 
tion (Dolbear Circuit Record, p. 528a), wherein he 
Says : | 


, 
‘So far as the electrical undulations are concerned, the form of 
apparatus shown in Fig. 7 is similar to that shown in Fig. 5, but 
the mode by which motion is imparted to the armature in Fig. 7 is en- 
tirely different from any of the modes intended to be used with the 
apparatus of Fig. 5,” etc. 


The exact and entire significance of this is that the 
undulations of current requisite to reproduce such 
sounds as Varley used differ from those requisite to re- 
produce the most complex tones of speech, is, like the 
difference in the sounds themselves, ONLY ONE OF 
DEGREE. The art of creating such undulations is 
one generic art; which in its specific branches demands 


no new principle, but only greater mechanical adapta- 
tion (see Cross, Mol. Case, 129, x-Int. 584-6, quoted, { 
pp. 48, 49, 51, and N. J. McDonough Case, x-Int. 334-5). 

In comparing the Varley patent with the method 


and apparatus shown and described in Mr. Bell’s first 
patent it must also be borne in mind that Mr. Varley’s 


condenser-receiver, like the magneto-receiver generally 
used by the appellees, is what Mr. Gray has termed a 


common or universal receiver—that is, a receiving in- 


strument, which is not only capable of reproducing mu- 


sical sounds, but is also capable of transforming elec- 


trical undulations into sonorous vibrations, and there- 
by produce articulate speech. As previously stated, 
Mr. Varley has suggested the use of the condensers 
themselves for producing sounds as well as for repro- 
On that point, he says: 


ducing them. 
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‘* The first or communicating station produces in its condenser 
rapid charges and discharges. These add to and take from the line 
a number of small electric impulses (that is, create electric undula- 
tions) without affecting the mean magnetizing power of the currents 
through the line; these impulses charge and discharge the second 
condenser at the other end.” 


The undulations in the first condenser are utilized 
to reproduce corresponding sounds in the condenser at 
the receiving station. Thus, it is seen that Mr. Varley 

(1) Deseribed and set forth in his patent a common 
or universal receiver capable of 

(2) Producing sounds of any kind, which, 

(3) Being transformed into electrical undulations, are 

(4) Conveyed to a similar condenser or universal 
receiver at a distant station where they 

(5) Produce corresponding sonorous vibrations and 
sounds. 


V. 
History of McDonough’s Invention. 


In the year 1867 at his home in Chicago Mr. James 
W. McDonough constructed an apparatus which is 
illustrated by the sketch found between pages 1266 
and 1269, Mol. Rec., Defendant's Exhibits. 

This apparatus was composed of a sound receiver 
and a rheotome (that is, a circuit interrupter), placed 
in the same voltaic circuit. The receiver consisted of 
ametallic hoop, or ring, over which was stretched a 
membranous diaphragm, near the centre of which was 
affixed a piece of inductive metal, so arranged as to be 
in close proxunity to the poles of a horseshoe magnet, 
surrounded by a helix of insulated wire, one terminal of 
the helix being connected with a battery, the other ter- 
minal thereof being left free when the apparatus was 
not in use. ‘The other pole of the battery was con- 
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nected by a wire to a file. By drawing the free or loose 
end of the wire over the serrations upon the file, the 
electric circuit was alternately made and broken, thus 
strengthening and weakening the attractive power of 
the magnet, causing it to attract and cease to attract 
the plate and diaphragm, thereby throwing them into 
vibration and producing sound. ‘The pitch of the 
sound produced in the receiver varied with the rapid- 
ity of motion produced in the rheotome. ‘The sound 
reproduced by this receiver was continuous (Mol. Ree., 
pp. 1265, 1266, 1269). 

During the period intervening between the years 
1867 and 1871 Myr. McDonough read descriptions of, 
and became familiar with the construction and opera- 
tion of the phonautograph, an instrument adapted to 
the graphical representation of sounds. The phonauto- 
graph consists, essentially, of a conical tube across the 
smaller end of which a membrane is stretched to which 
is attached a light style consisting of a quill or bristle. 
The membrane being vibrated by air waves, produced 
by the human voice, or otherwise, causes the style 
thereto attached to trace a wavy line upon the surface 
of a blackened cylinder turned by a crank, the cylinder 
being so constructed and arranged that it travels end- 
wise ; that 1s, in the direction of its axis. during the 
vibration of the diaphragm and its attached style. 

McDonough had also read descriptions of the Reis 
telephone and was acquainted generally with the state 
of electrical and acoustical science at that time. While 
engaged in making some drawings for an electrical 
motor he conceived the idea of an instrument which 
would transmit and reproduce articulate sounds. The 
plan conceived by him included the use of a diaphragm 
or membrane at the transmitting and receiving stations 


(Mol. Rec., Defendant’s Exhibits, p. 1271). 


On the 20th day of August, 1871, Mr. McDonough 


made a drawing in his memorendum book, a fuc-simile 
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of which is shown between pages 1270 and 1271, Mol. 
Rec., Defendant’s Exhibits. 

This drawing was inscribed by McDonough with the 
legend, “ August 26th, 1871. To send speech through 
weres by MLCUNMS of electricity.” . 

The drawing followed Mr. McDonough’s conception 
of a speaking telephone. It shows and ulustrates a 
sound-receiving apparatus substantially like that made 
by him in 1867, which has already been described. This 
receiver is connected in a voltaic circuit with a sound- 
transmitting instrument consisting of a membranous 
diaphragm stretched over a hoop. ‘To the centre of the 
diaphragm a small piece of metal 1s attached, and in 
contact therewith is a small metal pin supported by a 
suitable frame. The plate affixed to the transmitter 
diaphragm is connected by a wire with the receiver 
magnet and to one pole of a battery, the other pole of 
the battery beimg connected to the receiver magnet. 
Other plans of transmitters are shown in the sketch, 
one of them being like that illustrated in the drawing 
and deseribed in the specification of Mr. McDonough’s 
application tor Letters Patent filed in the United States 
Patent Office on the 10th day of April, 1876. 

Any electrician who was familiar with the descriptions 
of the Reis apparatus would have readily understood 
the intended construction sketched in the McDonough 
drawing of 1871 (Mol. Rec., Defendant’s Exhibits, pp. 
1270, 1271). 

In April, 1874, Mr. McDonough showed this draw- 
ing to one F. L. Eastman and stated to him that he 
thought it was possible to send speech over a wire, 
and other conversation then took place concerning it. 
The same sketch was again shown to Eastman in 
April, 1875, and McDonough described it as an appar- 
atus for transmitting speech (Mol. Ree., Defendant’s 
Exhibits, pp. 1500, 1301, 1302). 

In April, 1874, Mr. McDonough commenced the con- 
struction of his apparatus for the electrical transmis- 
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sion of articulate speech; he got his batteries into 
shape, and had a magnet constructed of wrought iron, 
to the centre or base of which a screw was soldered for 
the purposes of fastening the magnet to a frame. His 
work was, however stopped in consequence of ill-health 
and he was obliged to go Europe. He did not return 
from Europe until:the latter part of November, 1874, 
and did not resume work upon his telephone until 
April, 1875 (Mol. Rece., Defendant’s Exhibits, p. 1274). 

In Jay, 1875, Mr. McDonough constructed the ap- 
paratus shown and illustrated between pages 1278 and 
1285, Mol. Ree., Defendant’s Exhibits, and he tested 
the same with the aid of Mr. F. L. Eastman. ‘The 
recelving apparatus consisted of a tin case, cylindrical 
in form, over one end of which a parchment dia- 
phragm was stretched and secured. Near the cen- 
tre of the diaphragm a metallic plate was fastened. <A 
horse-shoe magnet was mounted upon the frame of 
the instrument, its poles being opposite and near to 
the plate. Each leg of the magnet was surrounded 
by a helix of insulated wire, the terminals thereof being 
connected to binding screws upon the frame of the 
instrument. 

The transmitting instrument consisted of a case, in 
form and material similar to. that of the receiver, one 
end of the case being covered with a_ stretched parch- 
ment diaphragm. Upon the centre of the diaphragm a 
small piece of German silver was fastened, connected by 
a wire to a binding screw upon an arm mpunted upon 
the frame of the instrument. Upon the metal plate 
affixed to the diaphragm rested the’ end of a needle 
which passed through a glass tube supported by the 
arm. The needle was free to move up and down in the 
glass tube, and was also connected to another binding 
screw by a thread of tin foil. The transmitting and re- 
ceiving insiruments were properly connected in a voltaic 
circuit (Mol. Rec., Defendant’s Exhibits, pp. 1275-6). 
It must be noted that the magnet and diaphragm of 
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the receiver employed in this apparatus were substan- 
tially like those employed by Mr. McDonough in his ex- 
periment of 1867, and the receiver was like that shown 
in the sketch of August 26,1871. ‘This apparatus was 
tested by Mr. McDonough, and he states in his deposi- 
tion (Mol. Rec., Defendant’s Exhibits’ p. 1285) that 
“we could recognize tunes, but no words.” 

About June 1, 1875, McDonough made some slight 
changes in the transmitting apparatus last above de- 
seribed, but made no change in the receiver. The 
modified form of transmitter 1s shown in McDonough 
Drawing No. 3, pp. 1278, 1285, Mol Rec. He again 
tested the apparatus. Speaking of the result he says: 
“ We could hear with this instrument perfect tunes, and 
could distinguish the tones of the voice, but I do not 
remember hearing any distinct words” (Mol. Ree., De- 
fendant’s Exhibits, pp. 1276, 1277). 

Subsequently, and in the month of June, 1875, Mr. 
McDonough constructed a telephonic apparatus, illus- 
trated in “ McDonough Drawing No. 4,” which is op- 
posite page 1290 in the Mol. Rec., Defendant’s Exhibits. 
The apparatus shown in thisdrawing is in all its parts 
substantially like that illustrated and set forth in the 
drawing of McDonough’s application, filed in the United 
States Patent Office on the 10th day of April, 1876. 

The receiving instrument shown in the drawing of 
this apparatus is in construction and mode of operation 
substantially like the receivers already described. The 
transmitter consisted essentially, of a parchment dia- 
phragm stretched over a metal hoop. Upon the centre 
of the diaphragm two thin pieces of German silver 
were affixed about an inch anda half apart. A thin 


piece of German silver, arch-shaped in form, rested 


lightly upon the plates fastened to the diaphragm, and 
to such plates small wires were attached. 

When this transmitter was first used, the arch-piece 
simply rested upon the plates or contact pieces of the 


(diaphragm by the force of gravity. In practice it was 
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found that the arch-piece was liable to get out of con- 
tact with the diaphragm plates, and to overcome this 
difficulty the arch-shaped piece was at first secured in 
place by a thread passed through a hole init, and thence 
through the diaphragm, and tied. Afterwards a little 
post or threaded bolt of brass, like that shown in Mc- 
Donough’s application for Letters Patent, was substi- 
tuted for the string. The post or bolt passed through 
the diaphragm and the arch-shaped piece, and was se- 
eured at its upper end by an adjusting nut (Mol. Ree., 
Defendant's Exhibit, pp. 1286, 1287, 1288.). 

McDonough substituted the brass post and nut for 
the thread was because he could not regulate the instru- 
ment fine enough with the string, and so he replaced it 
with the nut and bolt (Mol. Reec., Defendant's Exhibit. 
p. 1304). | 

When the string was used to secure the arch-shaped 
piece of metal in place, Mr. McDonough says : 


‘* We could distinguish tunes and some words distinctly ” (Mol. 
Rece., Defendant’s Exhibit, p. 1288). 


The results obtained after the little brass post was 
substituted for the string are stated by Mr. McDonough 
to have been-as follows: 


‘ Clearly recognizable tunes and entire sentences of clearly under- 
stood words were transmitted through the instruments and heard at the 
receiver.” * * * * Tomy own knowledge the instruments tunes were 
‘Swanee River, ‘Muffin Man, ‘Shoo Fly, and some others. The 
words which impressed themselves upon me more particularly were, 
‘Way down upon the Siranee Ribler, far, far away, ‘which T heard 
consecutively and clearly, noticing the elision at the beginning of the word 
‘way, and the change of v to bin the ‘ river” Thewords of other tunes 
were distinct when the instruments were proprly regulated” (Mole. Ree. 
Defendants Exhibit, pp. 1288, 1289, 1290). 


Concerning the results obtained with these instru- 
ments, Mr. F. L. Eastman testifies as follows: 


‘¢ By experiments with this new machine we are able to recog- 


os =. ae aia llige 


De acetamide 


198 


nize the voice of the person singing, the tune that was sung, and 
many of the words of the tune; alse, you could understand words 
that were spoken and could recognize the voice of the person speaking 
* * * JT guess we exhausted all the songs we ever heard. I can 
give you the names of a few of them; others I do not remember. 
They were, ‘Swanee River,’ ‘Down in a Coal Mine,’ ‘Old Zip 
Coon,’ and others that I have forgotten. I heard many of the words 
of these songs, exactly which words, I cannot remember. I also 
heard Mr. McDonough say ‘ Hello Frank,’ and other words that I 
cannot remember now ” (Mol. Rec., Defendant’s Exhibits, p. 1805). 


Mr. McDonough fixes positively the date of these 
last experiments as being tv the last week of Sune, 1875 
(Mol. Ree., Defendant’s Exhibits, pp. 1288, 1289). 

Mr. Eastman says that these experiments were made 
previous to the 26th day of June, 1875. He testifies as 


follows: 


‘* On the 26th day of June, 1875, I left Chicago to visit my father 
and mother in Michigan, and told them of Mr. McDonough’s experi- 
ments with this machine and the results obtained. While at the 
breakfast table, I said, ‘ Now, if we only had Mae’s machine rigged up, 
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we could ask them what they were having jor breakfast in Chicago 
(Mol. Ree., Defendant’s Exhibits, p. 1806). 


About the Ist of September, 1875, Mr. McDonough 
resumed his work upon his telephonic apparatus for 
the purpose of obtaining /owder articulation, and dur- 
ing the fall of that year he made fifteen different in- 
struments, varying in size and in various other partic- 
ulars. Mr. McDonough’s account of the instruments 
made by him in the fall of 1875, is as follows : 


‘*When [ arrived at home I commenced work about the first of 
September, 1875, on new instruments for the purpose of increasing the 
volume of sound. I made probably fifteen different instruments, 


not differing in principle from that of the last of June, 1875. J — 


had diaphragms varying from one and one-half inches to fifteen inches 
tn diameter. IL used larger and smaller sized magnets, and from one 
to eight cells of battery. I substituted other kinds of metal for the 
German silver in the transmitter; for the receiver diaphragm was 
substituted a wooden box of light wood to which the tinned iron 
was pasted. I had a receiver in which the diaphragm was the end of 
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a tin case Which I had made. Not having obtained anything which 
gave a louder articulation, and being urged by those around me, I 
made application at the time stated” (Mol. Rec., Defendant’s Ex- 
hibit, pp. 1294, 1295). 


A fuller account of these instruments and Mr. 
McDonough’s experiments with them, and with other 
instruments not specifically mentioned in his former 
deposition, to which we have alluded, will be, found in 
the Overland Cireuit Record, Defendant’s Proofs, Vol. 
L., pp. 643-661. In the fall and winter of 1875 and 
1876, Mr. McDonough constructed a large number of 
instruments, and among others those known as 
“ McDonough Metallic Diaphragm Transmitter, Oc- 
tober, 1875,” photographs of which were produced, 
offered and received in evidence (Overland Cir- 
cult Record, Defendant's Proofs, pp. 647, 648) ; 
“McDonough Tin Drum Pendulum Transmitter, Oc- 
tober, 1875,” and “ McDonough Tin Drum Receiver, 
October, 1875” (same record, p. 650); also “ MeDon- 
ough Brass Drum Transmitter and Receiver, October, 
1875” (same record, p. 653). An inspection of these 
exhibits and of the photographs thereof introduced in 
evidence (Overland Circuit Record, Vol. L., pp. 648, 
650, 655, 655), together with the description, operation 
and use of these instruments, as stated by Mr. MceDon- 
ough in his deposition in the Overland Case, shows 
that he followed up the development of his telephone 
with great industry and ingenuity during the interval 
from June, 1875, down to the date of his application 
(April 10th, 1876) for Letters Patent. 

Among McDonough’s new instruments, produced 
and put in evidence in the Overland case, was the 


“McDonough Metallic Diaphragm Transmitter of 


October, 1875.” This instrument was really made 
in September, 1875. It was mounted on a stand, 
and the body consisted of a brass cylinder having 
a metallic diaphragm of German silver, clamped to 
the cylinder by a brass ring. The instrument was 
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fastened to a wooden board by a metallic exten- 
sion. In front of the diaphragm was a_ brass in- 


sulated post containing an adjustable screw. The screw 


was provided with a hole in its end, in which an elec- 
trode could be inserted so as to be in contact with the 
metallic diaphragm of the transmitter. Shortly after 
the instrument was made a screw was added for the 
purpose of regulating the contact between the dia- 
phragm and the electrode inserted in the socket of the 
adjusting screw. Mr. McDonough used platinum, iron, 
German silver, brass and copper, and the point of an 
ordinary lead pencil (carbon) as electrodes. This in- 
strument was operated by Mr. McDonough with re- 
ceivers constructed in June and September, 1875. 
Speaking of the results obtained with the ‘“ Metallic 
Diaphragm Transmitter” joined in an electric circuit 
with the receivers above mentioned, Mr. McDonough 


SAYS: 


‘* We obtained very good articulation from it. We used it as a 
speaking transmitter in connection with wires that I had up in the 
house, and we used it with very good results—very good speech 


rather.” 


Tt will also be noted that Mr. McDonough used 
curbon as an electrode in this instrument in 1875 (Over- 
land Circuit Record, Defendant’s Proofs, Vol. I., pp. 
646-648). . 

The *“*Tin Drum Pendulum Transmitter and Re- 
ceiver’ are described on pages 648, 649, 650 of the 
same record. Their constiuction and mode of operation 
will be readily understood. 

Concerning the results obtained with these instru- 
ments (at page 649 of the same record,) Mr. McDon- 
ough says: “From the experiments with these receiv- 
ers we obtained some very good articulate speech, but 


the resonance of the drums was very great, and in- 


er 
terfered to some extent with articulation.” 


McDonough also constructed and used a “ Brass 
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Drum Transmitter,” which is described on pages 650- 
653, Overland Cireuit Record. This instrument was 
provided with means for adjusting the electrodes em- 
ployed in it, and also contained devices for adjusting 
the magnet relatively to the metal plate attached to the 
diaphragm (Overland Cireuit Record, Vol. I.; Defend- 
ant’s Proofs, p. 654). 
Thus it will be seen that the instruments constructed 
by Mr. McDonough and used by him én the year 1875, 
Sor the 1ransmission, and reproduction of articulate speech, 
contained all the vital and essential elements of the tele- 
Phonic apparatus now in commercial use (Prot. Brack- 
ett, Mol. Rec., Vol. L., pp. 485-457 ; Prof. Young, same 
record, pp. 388-591). 
On the 10th day of April, 1876, McDonough filed an 
application for Letters Patent in the United States Pat- | 
ent Office, which will be found in the Mol. Ree.; De- | 
fendant’s Exhibits, pp. 1254-1258. | 
In this appheation McDonough declared that he had 
invented 


‘‘a means for transmitting articulate sounds from one place nn 
another through the medium of electricity,” and applied to the in- 
vention the term ‘ Teleloge,’ ”’ 


a term theretofore unknown in the art of electricity, but 
which is accurately descriptive of the instrument that 
he invented. Referring to the transmitting and receiv- 
ing membrane of his apparatus, McDonough declares 
in his application that they are to be 


‘so constructed as to vibrate in accord with the vibrations of ar- 
ticulate sounds: ” 


and that they are to be so arranged with reference to 


other parts 


‘*that the vibrations of the transmitting membrane or apparatus, 
produced by articulate sounds, are transmitted by the electrical 
current to the receiving membrane or apparatus, and so to cause a 
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like vibration of the receiving membrane or apparatus, and so as to 
cause it to reproduce the articulate sounds transmitted from and by 
the transmitting membrane or apparatus.”’ 


Furthermore, after describing the construction of his 
apparatus, he thus refers to its operation. 


‘The transmitting membrane A, being sensitive to the vibration 
of articulate sounds produced thereon, is caused to vibrate in sym- 
pathy therewith ;” 


and again, referring to the alternate magnetization and 
de-magnetization of the receiving magnet produced by 
the current flowing over the line and attracting the 
armature of the receiver he declares that it 


‘‘ causes it (armature) and the receiving membrane F, to vibrate 
simultaneously with the vibrations of the transmitting membrane 
A, and in accord therewith, and so that the said membrane F re- 
produces the articulate sound transmitted from and by the mem- 
brane A.” 


Manifestly McDonough could not have employed 
more explicit language to express the idea that he had 
invented an electric speaking telephone. He stated 
what he conceived to be the fundamental principle upon 
‘which it operated, viz : That the transmitting diaphragm 
should ‘ vibrate in accord with the vibrations of articu- 
late sound” and that the electrical variations created 
thereby should cause the receiving membrane to “ vi- 
brate simultaneously with the vibrations of the trans- 
mitting membrane and in accord therewith,” so that 
the articulate sound spoken to the transmitter would 
be reproduced by the receiver. In this connection it 
will be noted that Mr. McDonough clearly set forth in 
his application that he had invented a telephonic appa- 
TULUS or “a means for transmitting articulate sounds 
from One place to another through the medium of electri- 
city.” 

Now, trom the foregoing history of McDonough’s re- 
searches and work in the art of telephony we find : 
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1. That in 1867 he made and experimented with a 
telephonic receiver consisting of the combination, in an 
electric circuit, of a magnet and a diaphragm arranged 
in close proximity thereto. | 

2. That in 1871 he made a drawing of such receiv- 
ing instrument combined in an electric circuit with three 
different forms of transmitters, and inscribed upon the 
. drawing the legend : § To send speech through WiPeS by 

WLEAIS of electricity.” 

3. That in April, 1874, he exhibited and explained 
this drawing to a friend, and commenced the construct- 
ion of the apparatus, but its completion was deferred 
by illness. 

4. That early in 1875 he renewed his researches and 
work, and in Wy of that year completed an apparatus 
by which ¢unes could be transmitted and reproduced. 

5. That in June, 1875, he completed a_ set of instru- 
ments, substantially like that shown and described im 

. his appheation for Letters Patent, and at that time was 
able to transmit and reproduce therewith “clearly vrecog- 
nizable tunes and entire sentences of clearly understood 
words. ; 

6. That in the fall of 1875, Mr. McDonough made 

; fifteen different instruments, some of them containing 
metalhe diaphragms and adjustable electrodes, and in 
one of which he employed a carbon electrode in combin- 
ation with a metallic diaphragm. With these instru- 
ments articulate speech was transmitted and reproduced. 
His purpose in making so many instruments was to 
obtain greater /oudness in the reproduced sounds. He 

“ felt that for commercial use it was desirable that the 

instrument should be capable of producing louder 
tones. 

One of the principal reasons why the so-called magneto- 
telephone of Mr. Bell is not generally employed as a 
sending or transmitting instrument is, that its tones are 
too feeble for extended practical use. 

7. That on the 10th day of April, 1876, before Mr. 
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Bell had disclosed to the world that he had invented a 
speaking telephone, McDonough set forth in his appli- 
eation for Letters Patent, that he had invented ‘‘ a means 
for transmitting articulate sounds from one place to 
another through the medium of electricity.” 

8. That while Mr. Bell met with failure on the trial 
of his first pair of instruments, in July, 1875, and ap- 
pears to have made no further attempt to transmit 
speech or to make a telephone, until after his patent was 
cranted, (March 7, 1876)—McDonough, on the other 
hand, having conceived his invention as early as April, 
1875, made two different sets of instruments, and, be- 
fore the 26th of Sune, 1875, therewith electrically trans- 
mitted, “ clearly recognizable tunes and entire sentences of 
clearly understood words.” 

9 That prior to Bell, McDonough constructed an 
apparatus capable of transmitting and reproducing ar- 
ticulate speech, and set forth in his application for Let- 
ters Patent, that that was the object of his invention. 
He had thus completed lis invention in the eye of the 
law, because his apparatus was of some practical util- 
ity. It was not necessary that his invention should have 
been made as good as it possibly could be as a practi- 
eal machine. It was sufficient that his apparatus was 
of soine practical utility. 

In Railway Company vs. Sayles, 97 U.S., 554, refer- 
ring to the prior use “ The Springfield Car Brake,” the 
Court said: > 


‘‘Tt was undoubtedly attended with some inconvenience in its 
operation, especially in going around sharp curves. But this did 
not prevent it from being used; and on a straight track, or on a 
track having only slight curves, it operated very satisfactorily.” 


In Coffin vs. Ogden, 18 Wall., 120, it is held that 
prior knowledge and use by a single person is 
sufficient. 

But it is asserted by the appellees in this case, that 
MecDonough’s apparatus was inoperative and worthless 
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as a speaking telephone, because it was incapable of 
transmitting and reproducing articulate speech. This 
proposition is sought to be maintained on the ground 
that McDonough in his application for Letters Patent 
described one element or device (arch-shaped piece) in 
his transmitter as ‘“ the circuit breaker,’ operating to 
make and break the circuit at each vibration of the dia- 
phragm. It is contended that such action (interrup- 
tion of the circuit) is fatal to the electric transmission 
of speech. 

Now in disproof of this theory of the appellee’s coun- 

sel that McDonough’s apparatus was inoperative and 
therefore did not transmit and reproduce speech, we 
note: ) 
First. The fuct that the capacity of the imstrument 
made by McDonough in June, 1875, is proven by the 
evidence of several witnesses which stands uncontra- 
dicted. As to the J/uy instruments, it is stated by the 
witnesses that ¢unes were transmitted and distinctly 
heard. With the improved instruments of /une, 1875, 
the witnesses testify that they not only heard tunes, but 
distinctly recognized the words of the tunes, and also 
” entire sentences of clearly understood words.” No SUS- 
picion is cast upon the .veracity of any of these wit- 
nesses and they are therefore entitled to full credit. 
Their testimony cannot be overthrown by a theory 
based upon pure assumption. ‘The question here to be 
determined is whether as matter of fact, MeDonough’s 
apparatus transmitted and reproduced words and sen- 
tences as stated by these unimpeached witnesses. 
Kither they heard what they testified to or they must 
be held to have committed perjury. We submit that 
no Court ought to disregard their evidence in the cir- 
cumstances of this case. 

SECOND. Professors Young and Brackett, two emi- 
nent physicists, have experimented with instruments 
made substantially ike the apparatus shown and de- 


206 


scribed in McDonough’s application, and also with 
other instruments like those which have been referred 
to as being made by Mr. McDonough prior to his ap- 
plication. 

Professor Young, after describing the construction 
and mode of operation of a McDonough Transmitter 
and Receiver, (Mol. Rec., pp. 388-91) testified con- 
cerning the capacity of those instruments to transmit 
and reproduce speech as follows : 


‘¢T have experimented with such apparatus and have been able 
to carry on conversation. My experiments were made in the phy- 
sical laboratory of the College of New Jersey, in connection with 
my colleague, Prof. Brackett. Our first experiments were made 
November 21, 1883. We transmitted and reported to each other 
many words and several complete sentences. ° On November 30 we 
resumed the experiments and obtained still better satisfaction. We 
experimented again on the evening of December 1st, with the same 
apparatus, and upon this occasion we obtained the finest transmission 
of articulate speech which I have ever heard. The clearness and beauty 
of tone was very remarkable. Professor Brackett repeated several 
stanzas of poetry, which I heard perfectly. And I afterwards ex- 
changed places with him with similar results. I have also used the 
McDonough receiver in connection with the Reis transmitter, 
as stated in answer to a previous question.” 


Pror. Cyrus F. Brackrrr, being interrogated as_ to 
whether he had ever tried a McDonough apparatus 
like that shown in the application of April 10th, 1876, 
(same Record, p. 487) testified as follows : 


. 


‘*T have experimented with apparatus constructed in close ac- 
cordance with the drawings alluded to, and have been able to carry 
on intelligent conversation. 

‘*In the Physical Laboratory of the College of New Jersey, No- 
vember 21st, 1885, in connection with my colleague, Professor 
Young, [ experimented with the McDonough transmitter and re- 
ceiver, joined up by a line wire and employing in the circuit, com- 
mon gravity battery. We clearly and unmistakably transmitted 
and reported many words, and also several complete sentences. 

‘*On November 3J’th we resumed the course of experiments, 
and with complete satisfaction. Among other sentences which 
were transmitted, I noted at the time ‘ Mary had a little lamb, its 
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fleece was white as ink.’ Other equally unexpected statements 
were made and correctly transmitted, and reported both by Prof. 
Young and myself. The instruments were then laid aside until the 
evening of December Ist. We had in the circuit besides the Me- 
Donough instrument two common magneto-receivers, one at either 
station, of the common ‘butter-stamp’ form. After a little delay in 
adjustment, L retired to the room containing the receiver and heard, 
with wonderful clearness, ‘Old Mother Hubbard went to the cup- 
board,’ &c. Ithen called to Prof. Young through the magneto- 
telephone, and requested him to change places with me. This done, 
I repeated four stanzas of the doggerel: ‘ Why, Phoebe, are you 
come so soon; where are your berries, child,’ &c., and ten or twelve 
lines of Cary’s ‘Power of Eloquence,’ beginning, ‘ Heard he those 
loud contending waves,’ &c. He then requested me to sing. I did 
so, and musical tones were reported as being heard satisfactorily. 
I have also used the McDonough receiver in connection with the 
teis transmitter, as also set forth in a former interrogatory.” 


Tuirp. The use by McDonough of the term “ circuit 
breaker,” as applied to the arch-shaped electrode, and 
the corresponding language in his specification descrip- 
tive of its supposed action is at most the embodiment 
of a mere theory on his part, and is pure surplusage and 
negligable. 

McDonough may have been ignorant or uncertain of 
the scientific principle embodied in his invention, or he 
may have been confident as to what it was, and others 
may then have thought, or may now think differently. 
It matters not whether his theory was correct or erron- 
eous; 1f he gave such a description of the apparatus in- 
vented by him with such practical suggestions as to its 
use as were required to enable a person skilled in the 
art to practise the invention; he complied with the 
statute. 

Moreover, the theory advanced by the appellees that 
it is impossible to transmit and reproduce articulate 
speech with a microphone transmitter, if the vibrations 
of the diaphragm produce breaks of contact between 
the electrodes of the instrument, has no good scientific 
foundation. On this subject we beg leave to call the 
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attention of the Court to the depositions of Professors 
Brackett and Young. 
Professor Brackett, Mol. Rec., pp. 488, 489, 
Professor Young, Mol. Rec., pp. 409, 410; 
Overland Record, Vol. I., Detendant’s 


Proofs, pp. 595, 596. 


The question here at issue is not how McDonough 


may have thought his apparatus operated at the time 
he filed his application for Letters Patent, but whether 
as a matter of fact he constructed and used apparatus 
prior to July, 1875, by which he transmitted and repro- 
duced articulate speech. If he did that, then it is of 


no consequence what his theory may have been as_ to 
the continuity or discontinuity of the circuit. In 


concluding this part of our argument we repeat that 
McDonough has proven that he transmitted and repro- 
duced speech in June, 1875, and his application filed in i 
the United States Patent Office on the 10th of April, 
1876, tends strongly to corroborate that fact,in that it is 


therein stated that the object of his “invention is to pro- 
vide ameans for transmitting articulate sounds from one 
place to another through the medium of electricity.” 


VI. 


Gray’s Telegraphic and Telephonic Inven- 
tions. 


Khsha Gray, after completing his college course, en- 
tered upon his career as a professional electrician and 
inventor in the year 1865. 

In the winter of 1866 and 1867, he constructed an 
instrument for transmitting tones and éalled it a‘Mus- 
ical Telegraph.” 
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The apparatus then used consisted of a vibrating 
electrotome, or reed, placed in the primary circuit of an 
induction coil, an electro-magnet having a polarized 
armature and a Morse Key in the secondary circuit. 
Whenever the key was depressed, the note given by the 
electrotome was heard in the receiving magnet. 

At this time, Gray conceived the idea of constructing 
an instrument for transmitting tunes similar in plan to 
those made by him at a later date. 

From 1867 until about the beginning of the year 
1874, he was constantly engaged in inventing, devising 
and constructing electrical and telegraphic apparatus. 

About May, 1872, the “ Western Electric Manufac- 
turing Company” of Chicago, was organized for the 
manufacture of all kinds of electrical and telegraphic 
instruments, and thereupon Mr. Gray became the sup- 
erintendent of that company, which position he held for 
several years. 

Since 1874 a large number of American and Foreign 
patents have been granted to Mr. Gray for various im- 


provements relating to harmonic telegraphy and _tele- 


phony. | 

Mr. Gray was both theoretically and practically con- 
versant with the sciences of electricity and magnetism, 
and was also conversant with the science of acoustics 
when he began his researches in multiple telegraphy 
and telephony. 

While engaged in studying the phenomena of in- 
duced currents, Mr. Gray noticed a sound proceeding 
from the electro-magnet connected in the secondary 
eireult of a small Rumkortff coil, which was at that time 
in operation. ‘This phenomenon had previously been 
observed by Page, Henry and others, but it served to 
direct Mr. Gray’s mind to the subject of transmitting 
tones telegraphically. 

In the winter of 1873 and 1874 his attention was 
called to the curious fact that on connecting one of the 
secondary terminals of an induction coil with the me- 
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tallic lining of a bath-tub, the other terminal being 
held in the hand, a musical note given by the vibrating 
electrotome issued from the metallic surface whenever 


the hand was moved over it. 

This observation subsequently led to the construc- 
tion of what is known as “ Gray’s Animal Tissue Re- 
ceiver,’ with which and an electro-magnet tone receiver a 
he experimented extensively. Subsequently he substi- 
tuted for the “‘ Animal Tissue Receiver” an “ Electro- 
magnet Receiver,” consisting of an electro-magnet com- 
bined with a hollow box of tinned iron having an 
opening in one side, while the opposite side was held 
over the poles of the magnet at such distance from it, 
as would produce the best effect. With this apparatus 
Gray noticed that when he depressed two finger keys 


on his transmitter, if these were in proper relation to 


each other, a composite tone would be received, thus 
demonstrating the fact that with a receiver properly - 
constructed and a transmitter suitably made and _ ar- 


ranged in an electric circuit composite tones of varying 


quality could be transmitted and received telegraph- 


ically. 
This apparatus is shown and described in British 
Letters Patent No. 2646, dated July 29th, 1874. 
Dowd Cireuit Record, Vol. III., pp. 566- 
571; O., 3659-3668. 


That part of the apparatus shown and described in 
said Patent No. 2645 is also embraced in United States 
Letters Patent Nos. 166,095, of July 27th, 1875; Reis- 
sues Nos. 8558 and 8559, of January 28th, 1879. 
Dowd Cireuit Record, Vol. IL., pp. 566-576, oo 
578-648 ; O., 3659-3674, 3676-3754. 


The first of the above-mentioned patents is known 
as “Gray’s Animal Tissue Patent,” and those subse- 


quently referred to are known as ‘Gray’s Magnet 
Receiver Patents.” 
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It will be observed that “ Gray’s Magnet Receiver 
Patents ” only relate to, and embody the mechanism 
shown in Fig. 4 of the British Patent No. 2646, of July 
29th, 1874. 

The invention set forth in the ‘ Animal Tissue Pat- 
ent” relates to a method of producing musical tones of 
any desired pitch at any point, in an electrical circuit, 


and consists in transmitting @ serves of tmpulses of in- 
duced electricity of high tension (undulations), corre- 
sponding in number to the number of audible vibrations 


constituting said musical tones, through living tissue in 
contact with any resonant substance. 

The apparatus which is intended to carry out that 
part of Mr. Gray’s invention is shown in Fig. 3, of the 
British patent, and consists, essentially, of an induction 
coil, in the primary circuit of which a_ battery, two 
vibrating electro-tomes, and two telegraphic keys of the 
usual form are interposed. In the secondary circuit of 
the induction coil a person is placed, who brings his 
hand or any other part of his body in contact with any 
resonant substance, which is a conductor of electricity, 
so that the circuit is completed through it, the resonant 
substance being either a metallic cylinder like that 
shown in the patent, or a plate of metal stretched 
above the body of a violin by metallic strings, ete. 

As already stated the “‘ Magnet Receiver Patents ” of 
Mr. Gray embody that part of the apparatus described 
in his * Animal Tissue Patent ” shown in Fig. 4 thereof. 

It is to that apparatus (fig. 4) that we desire to direct 
the attention of the Court, and it will be found most 
clearly set forth in the ‘*‘ Magnet Receiver Reissues.” 

Dowd Circuit Record, Vol. III., pp. 604- 
615. O., 3705-38721. 


The invention as set forth in those reissues relates to 
“ Eleetro-Harmonic Telegraphy,” and is based upon 
the fact that an electro-magnet elongates under the ac- 
tion of an electric current, and contracts again when the 
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current ceases. By such action a succession of im- 


pulses, or interruptions, causes the magnet to vibrate, and 
if the vibrations be of sufficient frequency a musical 
tone will be produced, the pitch of which depends upon 
the rapidity of the vibrations. The transmitting instru- 
ment is mounted upon a suitable frame or base. Upon 
the same frame an induction coil is placed, having the 
usual primary and secondary circuits. 

Automatic vibrating electrotomes (two in number) of 
the usual construction have their vibrating ciscuit 
springs so adjusted, that when in action they produce 
musical tones, which from the difference in adjustment 
and the length and thickness of the springs, are of dif- 
ferent pitch. A common telegraph key is also placed 
in the primary circuit to make or break the battery 
connections. The drawing shows two electrotomes of 
different pitch and two keys. Both keys and electro- 
tomes are in the primary circuit, which is so divided 
that part of the circuit passes through each key and its 
corresponding electrotome. The number of electro- 
tomes may be increased so that electrotomes extending 
through two or more octaves may be employed. <A re- 
ceiving instrument cousisting of an electro-magnet is 
placed in the secondary circuit of the coil. A hollow 
box, drum, cylinder, or resonator of metal is placed on 
or above the poles of the magnet. The resonator is 
composed of a circumferential band having two disks or 
diaphragms, one of which rests upon or near the magnets, 
constituting an armature therefor, and vibrating in 
unison therewith, while the other disk or diaphragm of 
the resonator is perforated with S-shaped openings. 
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The receiver is what is called a “ common receiver ”— 
that is, one capable of responding to or reproducing a// 
kinds of tones, both simple and composite. 
In this apparatus (nduce/ currents are employed. 
When a single electrotome is thrown into vibration 
its corresponding tone will be reproduced on the reson- 
ator by the magnet When electrotomes of different 


pitch are successively operated, their tones will be cor- 
respondingly reproduced by the receiver or resonator ; 
and when two or more electrotomes are simultaneously 
sounded, the tone of each will still be reproduced with- 
out confusion on the sounder or resonator, by which 
means compostte tones, melodies or tunes can be repro- 
duced. 

By the method or system employed in this apparatus, 
audible tones are simultaneously reproduced upon the 
metal disk or diaphragm of the receiver through the in- 
tervention of an electro-magnet included in a closed 
electric circuit. Thus it will be observed that two or 
more series of rhythmical impulses or vibrations rep- 
resenting musical vibrations or sounds, or composite 
tones, may be simultaneously transmitted and repro- 
dluced. 

The apparatus above described, which is shown in 
Fig. 4 of Gray's British Patent, contains a common or 
universal Pecel_ver cupable of responding to all kinds of 
fones, and consequently of reproducing articulate speech. 
This receiver is essentially a Magneto-Telephone. It 
must be noted in this connection that the induced cur- 
rents passing through the secondary circuit to the com- 


mon or universal receiver are wndulatory in character, 


and, therefore, substantially like the undulatory currents 
employed in the apparatus shown in Figs. 5 and 6. of 
Mr. Bell’s first patent. 

The transmitting instrument shown in Gray’s Eng- 
lish Patent of July 29th, 1874, is designated in the 
Dowd Record as “ Gray’s ‘Two-Tone Transmitter.” 

Goodridge, Dowd Circuit Record, Vol. L., p. 
69. O., p. 2857. 


A two-tone transmitter, like that illustrated in said 

b 
English Patent, was made before May, 1874, and was 
publicly used about that time. Its tones being received 
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upon a receiver consisting of a thin metallic plate like 
that represented in Fig. 3 of said English Patent. 
Goodridge, Dowd Cireuit Record, Vol. IL., 
pp. 69, 70. O., 2857, 2858. 
Gray, same record, p. 113. @Q., 2900. 


Gray’s receiving instrument, consisting of an electro- 
magnet and resonator placed on or held near the 
poles thereof, was constructed and first used in the 
early part, or near the middle of the month of May, 
1874, at the works of the Western Electric Manufactur- 
ing Company, at Chicago. 

Goodridge, Dowd Circuit Record, Vol. L., 
pp. 74, 75. O., 862, 2863. 

Gray, Dowd Circuit Record, Vol. L, p. 114. 

O., 29003. 


This receiver was afterwards frequently used in con- 
nection with other transmitting apparatus, as_ will 
hereafter be shown. 

Other witnesses corroborate Mr. Goodridge as to the 
construction and use of Gray’s two-tone transmitter. 

Dowd Circuit Record, Vol. L., pp. 179-182. 
O., 2964-2967. 


He 1s also corroborated as to the construction and 
use of the magnet receiver. 
Dowd Cireuit Record, pp. 178, 181-185. O., 
2963, 2966-2970. 


In the month of May, 1874, Mr. Gray constructed 
several forms of receivers, in addition to the “ Animal 
Tissue Receiver” and the ‘‘ Magnet Receiver” witha 
resonator placed on or near its poles. Among others, 
he constructed a magnet receiver, consisting of an 
iron pan mounted upon a wooden base, and supported 
by a standard firmly screwed to such base, and to the 
rim of the pan. The bottom of the pan formed a 
diaphragm for the reproduction of musical and other 
sounds. The rim of the pan answered as a frame, in 
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which the diaphragm was held in position. Upon an- 

other standard mounted upon the same base, and 

near to it, was fixed an electro-magnet whose poles 
- projected into the pan, nearly, but not quite touching, its 
bottom. By means of a screw located between the two 
standards, the magnet could be adjusted relatively to 
the diaphragm or bottom of the pan. This receiver is 
shown in the Dowd Circuit Record, Vol. IL, p. 766. 
O., 3895. 

The same instrument is also shown in ‘‘ Gray’s Con- 
cave Diaphragm Receiver, Speaking Telephone Appli- 
cation,” Dowd Cireuit Record, Vol. IL., pp. 745-751, 
O., 3870-3880. 

The “concave diaphragm receiver,” usually called 
“ Gray’s Tin Pan Receiver,’ was first used in July, 
1874, with a single tone transmitter. 

Dowd Circuit Record, Vol. L., pp. 71, 72, 
76. 77 ; Q., 2859, 2860, 2864, 2865. 


The first use of the instrument was at the works of 
the Western Electric Manufacturing Company in 
Chicago, but it was subsequently publicly used in con- 
nection with various kinds of transmitters and it is ca- 
pable of reproducing composite tones and _ articulate 
speech. It is, in fact, a magneto telephone. 

In May, 1874, Mr. Gray constructed a musical instru- 
ment for transmitting melodies. It embodied eight 
single-toned transmitters in one instrument. There 
was a key for each reed answermg to the key of a 
eabinet organ. 

he Goodridge, Dowd Cireuit Record, Vol. L[., 
pp. 17, 78 ; O., 2865, 2866. 
. Gray, Dowd Cireuit Record, Vol. I., pp. 115, 
116; O., 29014. 


In the month of July, 1874, Mr. Gray made another 
instrument consisting of two octaves. The instrument 
constructed in May, 1874, had eight reeds representing 
the diatonic scale ; that constructed in July, 1874, was 
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substantialiy like the first, except that it had more 
reeds and keys. 
Goodridge, Dowd Circuit Record, Vol. L., 
p. 78 ; O., 2866. 
Gray, Dowd Circuit Record, Vol. I., p. 115. 
O., 2901. 
Kellogg, Dowd Circuit Record, Vol. L, p. 
179 ; O., 2964. 
Barton, Dowd Cireuit Record, Vol. I,. p. 
182 ; O., 2967. 

The two multiple-transmitters, single and double 
octave, were made by Mr. Gray for the transmission of 
tunes and melodies and they were combined and used 
in a Closed electric circuit with the “ magnet receiver ” 
and with the “ coneave metallic-diaphragm receiver.” 
They were thus publicly used in the Cities of New 
York and Chicago prior to August, 1874. 

Goodridge, Dowd Cirewit Record, Vol. L., 
pp. 78, 79 ; O., 2866, 2867. 

Gray, Dowd Circuit Record, Vol. L., pp. 115, 
116 ; O., 29003, 2901. 

Kellogg, Dowd Circuit Record, Vol. I., pp. 
179, 180 ; O., 2964, 2965. 

Barton, Dowd Circuit Record, Vol. L., pp. 
180, 182; O., 2965, 2967. | 

Stager, Dowd Circuit Record, Vol. L., pp. 
184, 186 ; O., 2969, 2971. 


Testifying concerning the use of the ‘ Two-octave 
Transmitter * with the “Concave Metallic Diaphragm 
Receiver” connected up in a closed electric circuit, Mr. 
Gray says (p. 116): “The results were satisfactory in 
every respect. A number of tunes were transmitted 
which could be heard and recognized in any part of the 
room without the least difficulty.” 

The single-octave transmitter, in connection with the 
magnet receiver, was also publicly used and exhibited in 
New York City in May, 1874, and also in Chicago and 
Washington. 

Gray, Dowd Circuit Record, Vol. I., pp. 116- 
120 QO., 29014-2905. 
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In these multiple transmitters each key was provided 
with a steel reed or electrotome, tuned to correspond 
to its position in the musical scale. One end of each 
reed was rigidly fixed, while the other was left free, and 
was actuated by a local battery. All the keys in the 
instruments, whether one or more octaves, had corre- 
sponding reeds and actuating magnets, the only differ- 
ence being in the tuning of the reeds. Only one main 
and one local battery were used and the connections to 
each key were run in branch circuits from binding 
screws, properly arranged upon the instrument. But 
since the branches were opened at the key points, 
neither of the batteries was closed unless a key was 
depressed. If now the keys were manipulated a tune 
might be played which was audible to the player. 
When any key was depressed the local battery set in 
vibration its corresponding reed, which sounded its 
own fundamental note according to the law of acous- 
tics. The instrument was, in fact, an electrical organ. 

The motive power was electricity, and the main bat- 
tery had no part whatever in its operation. When the 
transmitting apparatus was properly adjusted and the 
main circuit closed, a series of electric impulses, waves 
or undulations were sent through the line corresponding 
in number per second to the fundamental of the reeds. 

Ti will be observed that these instruments transmitted a 
ser'les of electrical waves or impulses to aA Common Te- 
ceiver, whereby they were transformed into composite 
tones. 7 | 
In August, 1874, Mr. Gray went abroad, and while in 
London publicly exhibited and used his multiple trans- 
mitter, coupling it in an electric circuit with the “‘ Con- 
cave Diaphragm Magnetic Receiver.” 

Goodridge, Dowd Circuit Record, Vol. L., 
pp 81-84 ; O., 2869-2872. 

Gray, Dowd Circuit Record, Vol. I., pp. 120, 
121 ; O., 2905, 2906. 


Thus in 1874 Mr. Gray demonstrated that composite 
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tones could be transmitted and received telegraphically, 


and thus logically he was led to the conception that i 
articulate speech could be transmitted over a telegraph | 
wire. 


In December, 1874, Mr. Gray publicly announced 
in “The Journal of the American Electrical Society,” 
Vol. L, p. 13, his discovery of the true method of trans- 
mitting composite vibrations. 

It consists in causing the effective strength of the 
electric current by which the transmission is effected to 
rise and fall with the varying impulses of the vibrations 
or waves which are to be reproduced. 

When this discovery was made the general problem of 
harmonic telegraphy and telephony was solved. 

In September, 1875, Mr. Gray publicly operated 
and used an apparatus composed of a multiple trans- 
mitter capable of sending a number of tones simultane- 
ously, each of the volume of one tone sounded sepa- 
rately, and connected such multiple transmitter with a 
receiving bar of metal opposite the poles of the magnet, 
an a) constantly closed errcuit with the magnet constantly 
charged. 

Goodridge, Dowd Cireuit Record, Vol. L., 
pp. 90, 269, 270, 271, 272; O., 2878, 
3054, 38055, 3056, 3057. 


The method of connecting the instruments in circuit 
with the main battery, during their use in New York 
City is shown in the drawings of the patents granted 
to Mr. Gray, known as No. 175,971, dated April 11th, 

1876; No. 186,340, dated January 17th, 1877, and No. — 
205,378, dated June 25th, 1878. 

In this connection we may properly refer to said 
patents. 

Patent 175,971 relates to harmonic telegraphs of the 
class shown and described in letters patent 166,095, 
and 166,096 granted to Mr. Gray (Dowd Cireuit Ree- 
ord, Vol. IL., pp. 578-585, 615-621) and in an applica- 


219 


tion for letters patent filed by Gray, Feb. 23d, 1875. 
The object of the invention is to dispense with local 
batteries and sounders and all adjustments at the re- 
ceiving end of the line, which is attained by means of 
an apparatus which analyzes composite tones trans- 
mitted electrically through a wire, whereby the opera- 
tor is enabled to read directly from the tone trans- 
mitted. The receiving instrument consists of a reson- 
ant box such as is used for imtensifying the sound of a 
tuning fork. A suitable support secured upon the box 
sustains an electro-magnet of ordinary construction. 
Upon the support sustained by the magnet a vibrating 
tongue or reed is fastened and is united with one pole 
of the magnet. The free end of the reed passes close 
to, but does not touch the other pole of the magnet. 

Letters Patent 186,340 relate to an ‘“ electro-har- 
monic” system of multiple telegraphy, in which compo- 
site tones are transmitted through a single wire and 
analyzed orseparated at the receiving end of the line by 
vibrating reeds, bars, or strings, tuned correspondingly 
with the respective transmitters of the composite tones. 

The improvement is designed to insure the transmis- 
sion of tones of uniform amplitude of wave whether a 
ereater or less number of tones be transmitted simulta- 
neously, which end is attained by combining each 
transmitter with its respective section of the main bat- 
tery by a short, or shunt, circuit in such manner that 
each section is utilized for the transmission of the vi- 
brations of its own tone, without interfering or drawing 
upon the other section of the battery, or opening the 
main circuit, and when not transmitting, the unemployed 
sections of the battery flow steadily to line, without 
affecting the working transmitters of the other sections. 

The improvement possesses two distinguishing char- 
acteristics : 

First. That of a main cireuit alivays closed. 

SeconD. The passage through this circuit of a smooth 
current, so to speak, when all the transmitters are act- 
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ing, each transmitter when in operation throwing its 


respective portion of said current into vibration, so that 
there may be a smooth current, and one or more vibra- 
tory waves simultaneously transmitted through the circuit, 
or the entire current Nniay he thrown into vibration. 


Three transmitters with their batteries and corre- 
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sponding receivers at each end of the line are so ar- 

ranged as to transmit three messages each way simul- “EP 
taneously ; but a greater or less number of transmitters | 
and receivers may be employed, and may be so ar- 
ranged as all to transmit one way instead of in oppo- 
site directions. 

Each battery is connected with its respective trans- 
mitter by a short circuit or shunt wire. The arrange- 
ment of circuits is set forth in the patent and is simi- 
lar to an ordinary Morse circuit closed, and without a 


hey OP MEANS of making OP breaking the eireuit. ' 
The drawings represent six sets of transmitters, each “ 
set being composed of a common open circuit, a Morse 
telegraphic key and a musical transmitter. These ni 
transmitters are all alike in construction, but each one 
i 


is tuned to a different pitch and has a receiver corre- 

spondingly tuned at the other end of the line. | . 
After describing the arrangement and adjustment of 

the apparatus, the specification of the patents says : 


‘Now, if the reed or bar of transmitter A be vibrated by its 
local battery {which is omitted from the drawing to avoid compli- 
cation, but the operation of which is well understood) and the key 
belonging to itand in the same circuit with it be depressed, the 
shunt circuit around section 1 will be completed every time the ) 
vibrating bar or reed makes contact with its break-point, thus pro- 
ducing a set of waves or electrical vibrations throughout the line, the 
waves succeeding each other at the rate per second corresponding to 
the vibrations of the transmitting reed or bar, which waves will tn- 
duce corresponding impulses in all the magnets of a power approxi- 
mating one-sixth of the whole battery.” 


Again, the specification states that “It will be ob- 
served that by working with this improved system the 
main circuit is never opened, owing to which fact the 
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integrity of each set of waves is preserved, thus render- 
ing analyses easy at the receiving end of the line. The 
first claim of the patent is as follows: 


‘‘The improvement in the art of telegraphically transmitting 
composite tones, hereinbefore set forth, which consists in working 
a closed c'rcuit with a continucus current from a main batlery, portions 
of the whole of which current are thrown into vibration at will by 
the transmitters. 


This patent number 186,340 is known as “ Gray’s 
Closed Circuit Patent” and the invention therein 
set forth was published in the “Journal of the 
American Electrical Society” in December, 1874. It 
was also patented in Great Britain May 4, 1876. 

Patent No. 205,578, June 25th, 1878, refers to improve- 
ments in the art of generating and transmitting through 
an electric circuit rhythmical impulses, or undulations, 
vibrations or waves representing composite tones, musical 
(MLPPESSLONS Or sounds of any hind, character OT quality 
whatever, and of audibly reproducing such vibrations. 
It also describes apparatus for generating and reproducing 
such impulses, undulations, vibrations or waves. 

The specifications of the patent, after referring to 
sundry previous patents granted to Mr. Gray, then sets 
forth the invention as follows : 


‘‘ My present invention constitutes an improvement set forth in 
the patents and applications above recited, and contemplates the 
combination in an apparatus for generating and transmitting vibra- 
tions, impulses or waves representing composite tones, of a closed 
circuit, a series of transmitters vibrating at such relative speeds as 
to produce the fundamentals and harmonics of the tone to be trans- 
mitted, a main battery so arranged as to give each transmitter the 
desired relative amplitude of vibrations, and a common receiver or 
one capable of reproducing tones of every variety ard quality.” 


It will be observed that this patent No. 175,971‘ also 
shows a closed circuit like patent No. 186,346, which 
shows a closed circuit in which the current from the 
main battery keeps the receiving magnet constantly 


charged, a device for varying the power of the electro- 
motive ; force of the current by SUper POSLNG thereupon the 
vibrations or undulations generated by the transmitters. 
The apparatus shown and described in this patent 
employs a closed circuit and undulatory current. 
Renwick, Dowd Circuit Record, Vol. I., pp. 
206, 207, 208, 209 ; O., 2991, 2992, 2993, 
2994, 


: We have already noted the fact that Mr. Gray’s 
multiple transmitters were used in a closed cireuit sub- 
stantially like that set forth in the closed circuit patent 
No. 186,340. 
Goodridge, Dowd Cireuit Record, Vol. L., 
pp. 269-273 ; O., 3054, 3058. 


A public exhibition of Gray’s multiple transmitters 
with various receivers is described by Mr. Frank L. 
Pope, an eminent electrical engineer (Dowd Circuit 
Record, Vol. L., pp. 328, 329), as follows : 


‘‘Int. 15. Will you describe all that you saw done in New York 
in the autumn of 1875 in the way of the multiple transmission of 
sound by means of the apparatus referred to in Mr. Goodridge’s 
answer, including the receiver used ? 

‘‘Ans. ITsaw the apparatus operated in three different ways, 
which I distinctly remember. In the first instance a series of reeds, 
I think four in number, was connected with Morse keys, local bat- 
teries and sections of main battery, in the manner deseribed by Mr. 
Goodridge in his said first answer, page 271 of the printed record, 
beginning at the words ‘ in the use referred to,’ and ending with the 
end of the answer. Four receiving instruments were arranged con- 
secutively upon the main line at the receiving station, which was in 
another room of the same building. These receiving instruments 
each consisted of an electro-magnet, the armature of which 
consisted of a tuned ribbon of iron or steel, each one being 
tuned in unison with one of the transmitters. Each pair of 
instruments, consisting of a transmitter and its receiver, was tuned 
to a rate of vibration differing from any of the others. To each re- 
ceiver was attached a local circuit contact point, the precise con- 
struction of which I do not recollect, but which was so arranged as 
to cause or permit the armature of a common Morse sounder in the 
local circuit to be attracted whenever the ribbon was thrown into 
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vibration. With this arrangement, four transmitting operators 
could and did simultaneously send four distinct communications to 
four receiving operators Over one wire without confusion. After 
experimenting in this way within the building, @ trial was made be- 
tween Boston and New York, the transmitters beng in Boston and the 
receivers in New York. This experiment was entirely satisfactory and 
successful. actually participated in the experiment as one of the 
receiving operators. The next experiment was made with the same 
transmitters arranged inthe same manner as before, but a common 
receiver was used for the four sets of signals. This was placed in the 
centre of a square table, and four operators, one of whom was myself, 
were ranged around the table. Each separate communication was 
heard in the form of a cont‘nuous ton’ broken up into different lengths 
corresponding to the dots and dashes of the telegraphic alphabet. 
Each operator listened to the particular tone representing his own 
message, paying no attention to the others. Although frequently 
all four of the tones were beard simultaneously, yet I recollect that 
we experienced little or no difficulty in distinguishing the different 
tones from each other, and in reading and copying the communica- 
tions therefrom. I do not recollect whether this experiment was 
tried with the transmitters in Boston or in another room in the same 
building. 

‘* The third experiment consisted in the transmission of tunes by 
means Of a keyboard of two octaves arranged upon precisely the 
same principle, both as regards the construction of the transmitters 
and their connection with the main and local batteries and the main 
circuit, as those in the former experiment. The receiver used in this 
experiment consisted of a hollow wooden box, having an electro- 
magnet mounted upon its upper surface, the armature of this 
magnet being firmly secured to one of its poles, but being not quite 
in contact with the other pole. The * Exhibit Gray’s Wooden 
Sounding Box Magnet Receiver’ is precisely like the one just de- 
scribed, and I believe it to be the identical instrument. The arma- 
ture I have referred to was an oblong rectangular bar, such as is 
now attached to the magnet. Part of the time a revolving drum 
receiver was used, being the instrument marked ‘ Defendant’s Ex- 
hibit Gray’s Animal Tissue Revolving Plate Receiver.’ 7Z’unes were 
transmitted by Mr. Goodridge and accurately reproduced upon each 
of these receivers, in respect to tone, pitch and quality. I think that 
other experiments were made, but the ones I have mentioned are 
the only ones which made a distinct impression upon my mind.” 
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It will be observt'd that at this public exhibition of 
Mr. Gray’s apparatus, described by Mr. Pope as a com- 
mon reeceiver, Was used, among others, for reproducing 
the tunes or signals transmitted. The instrument em- 
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ployed was, in fact, a magneto-telephone capable of re- 
producing composite tones and articulate speech. 

In answer to interrogatory 8, Dowd Circuit Record, 
Vol. L., pp. 322, 323, 324, Mr. Pope further testified : 


‘Int. 8. State, if you please, in which of the apparatuses of Mr. 
Gray, and his practice therewith, known to you at the time of un- 
dertaking this search, you found embodied what you have described 
as the fundamental principles of the speaking telephone: and _ state 
also why you regarded, and still regard, such apparatus and_ prac- 
tice as embodying such fundamental principle, in view of the dis- 
tinction of fact that in Gray’s early apparatus and practice, to 
which you may refer, composite tones, consisting of several co- 
existing musical tones, were sent over the line and reproduced at 
the receiving end; whereas, in the speaking telephone, as com- 
monly so called, articulate speech is uttered at the transmitting 
station and reproduced audibly at the receiving station. 

‘‘Ans. The opinion which I expressed in my report was based 
upon my knowledge of Gray’s apparatus, which he had exhibited 
in 1875, and with which I had myself experimented at that time. | 
may state here that at the time of making this report I had no 
knowledge of the caveat which had been filed by Mr. Gray February 
14, 1876, and that any question relating to that did not therefore 
enter into consideration. One of the experiments or exhibitions 
made in 1875 consisted of the transmission of tunes from a key- 
board which formed a sort of electrical organ or harmonium, by 
which tunes were reproduced at another point on a common receiver. 
Each key of this keyboard, when depressed, transmitted a series of 
electrical vibrations through the line, and when two or any greater 
number of keys were depressed simultaneously, each key trans- 
mitted its own series of vibrations, they being, as it is technically 
termed, superposed on each other, and forming a series of compound or 
resultant vibrations, all of which were faithfully reproduced upon the 
receiver, giving the effect which is termed in acoustics *‘ quality of tone.” 
It was obvious to me that if a sufficient number of keys were em- 
ployed that it was theoretically possible to so combine various sim- 
ple tones as to build up any required composite tone, and that thus 
any sound whatever might be reproduced. This being the case, 
the apparatus now known as the speaking telephone, appeared to 
me to be a particular application of the general method which was em- 
ployed by Mr. Gray, making use of an apparatus adapted to pro- 
duce the particular character of composite vibrations requisite to 
reproduce articulate speech. I have no doubt that it would be pos- 
sible to so arrange and combine a series of keys, as used by Mr. 
Gray, that articulate words might be produced at a receiving station 
by a proper manipulation of the keys, although, of course,.such a 
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method would have little or no practical value compared with an 
apparatus in which the transmission is effected by the mechanical 
action of atmospheric sound waves upon a suitable transmitting ap- 
paratus controlling the electrical vibrations. For these reasons I 
regarded the method of producing composite electrical vibrations in an 
uninterrupted circuit, acting upon a common recciver, as the essential 
feature of the articulating telephone, the particular kind of transmitter 
or of receiver being a matter of secondary importance. 

‘*T am confirmed in this opinion by the fact that although, since 
the date of my making that report, several different transmitters, of 
a character essentially different from each other, have been devised, 
and various kinds of receiving instruments—some without dia- 
phragms, some without electro-magnets, yet all possessing a greater 
or less degree of efticiency—have been produced, yet every system of 
articulate transmission of which I have any knowledge has embodied the 
fundamental principles which LI have just referred tv, and I do not con- 
ceive it to be possible, in the present state of knowledye, to devise such a 
system without building it upon the same foundation, however widely tt 
may differ from erist'ng ones in other respects.” 

In November, 1877, Mr. Pope being employed as an 
electrical expert and engineer (Dowd Circuit Record, 
Vol. [., p. 318), reported to the president of that com- 
pany substantially to the effect that he regarded the 
fundamental principle of the speaking telephone to be 
the method of transmitting what are technically termed 
“ composite tones;” that is to say, the simultaneous 
transmission of two or any greater number of tones over 
a single wire without destroying their individuality, and 
of simultaneously reproducing these tones at the re- 
celving station, @ method which necessarily involved the 
USE of a closed ov interrupted circuit in the main line 
and of a common or universal receiver, capable of re- 
sponding with facility to tones of gvery description, 
whether simple or compound. Mr. Pope also stated 
that in his opinion this method was first invented by 
Klisha Gray. 

Dowd Circuit Record, Vol. L., pp. 320, 321 ; 
O., pp. 3105-6. 
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At pages 329, 330, same record, Mr. Pope was inter- 


rogated as follows : 


‘* Int. 16. In which of Mr. Gray’s patents do you first find a de- 
scription and representation of an apparatus involving what you 
have heretofore spoken of as the fundamental principle of the elec- 
tric telephone, and under what special construction with reference 
to the receiving of the composite tone sent over the closed circuit ? 

‘Ans. I find in Defendant’s Exhibit Gray’s Closed Circuit 
Patent No. 186,340, dated Jan. 16, 1877, a method of transmission 
involving the principle which I term the superposition of electrical 
vibrations, and which I[ have before stated was in my opinion the 
fundamental principle of the speaking telephone ; but in this pat- 
ent, instead of being applied to a common or universal receiver, as 
in the speaking telephone, it is here applied to a series of analyzing 
receivers, the object of the arrangement described being to separate 
the tones from each other at the receiving station. This patent de- 
scribes, in fact, the precise arrangement for the simultaneous trans- 
mission of several different communications over one wire, which | 
have already stated I saw in operation in New York in 1875, being 
the first in order of the experiments I have described in my last 
answer. But substituting a common receiver for the analyzing re- 
ceivers described in the patent, it represents the second experiment 


which I referred to.” 


At pages 333, 334 of the same record, Mr. Pope was 
requested to refer to any patents granted to Mr. Gray 
prior to January, 1876, which would describe the method 
of inducing electrical undulations in a closed circuit by 
the vibrations of a reed or diaphragm caused to vibrate 
by tne impact of air waves accompanying the produc- 
tion of sound. In answer to the question propounded 
he refers to Mr. Gray’s patents numbered respectively 
166,095 and 166,096, dated July 27, 1875, and stated 
that they described a method of producing electrical vibra- 
tions in a closed circuit and reproducing them upon U 
common or universal receiver. The transmitting appa- 
ratus described in the patent is that known as “ Gray’s 
Two-tone Transmitter,” and the common receiver. re- 
ferred to is what is designated “ Gray’s Magnet Re- 
ceiver,’ consisting of an electro-magnet with a resona- 
tor placed upon or near its poles. The patents referred 
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to show and describe an induction coil in the primary 
circuit in which the transmitting apparatus is interposed 
and in the secondary circuit the receiving instrument is 
placed. 

The witness also referred to Mr. Gray’s patent No. 
173,460, dated February 15, 1876, which relates to im- 
provements in electric harmonic telegraphs. The in- 
vention in this later patent consists in combining with 
an organ or other wind pipe, a diaphragm vibrated by 
sounding said pipe and an electric circuit connected 
with said diaphragm, so as to be opened and closed by 
its vibrations. 

Dowd Circuit Record, Vol. [1., pp. 650, 651 ; 
O., pp. 3756-8. 


After describing the method and apparatus set forth 
in these several patents, Mr. Pope says: “I find, 
therefore, that Mr. Gray’s patents numbers 166,095, 
166,096 and 173,460, when taken in connection with 
each other, describe and show a method of inducing 
electrical undulations in a closed cireuit by the vibra- 
tions of a reed or diaphragm caused to vibrate by the 
impact of air waves accompanying the production of 
sound, and reproducing them upon a common or 
universal receiver.” 

Mr. Pope’s statements and opinions are corroborated 
by Mr. Edward 8S. Renwick, an eminent mechanical 
engineer, who also testified in the Dowd case. 

Dowd Circuit Record, Vol. I., pp. 206, 207, 
208, 209, 229. O., 2991, 2992, 2993, 2994, 
3014. 


In December, 1874, Mr. Gray Constructed what is 
known as the “ Wooden Sounding Box Magnet Re- 
ceiver,” and used the same with a multiple transmitter, 
siving a public exhibition therewith at Highland Park, 


Til. 


Dowd Circuit Record, Vol. I., pp. 86, 87. 
O., 2874, 2875. , 
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A drawing of Gray’s “ Wooden Sounding Box Magnet 
Receiver” will be found in Dowd Circuit Record, Vol. 
ii., p. 469. 

O., 3898. 

Gray’s “ Diaphragm Box Magnet Receiver ” was used 
in connection with a transmitting imstrument upon a 
telegraph line between Chicago and Milwaukee about 
the middle of February, 1875. 

Dowd Cireuit Record, Vol. L., pp. 88, 122. 
O., 2876, 2907. 


The apparatus so used was connected in a closed 
electric circuit similar to that shown in the diagram 
“ Closed Circuit Single Tone Transmission Apparatus.” 

Dowd Circuit Record, Vol. IL., p. 768. @Q., 


3897. 


Professor Geo. F. Barker, an eminent physicist, a 
professor in The University of Pennsylvania, in an arti- 
cle on Telephony published in ‘‘ Johnson’s New Univer- 
sal Encyclopedia,” second and third biennial supple- 
ments, p. 295, thus refers to Mr. Gray’s status as an 
inventor in harmonie multiple telegraphy and _ teleé- 
phony. He says: “In May, 1874, he (Gray) con- 
structed a “musical transmitter,” having a series of 
reeds tuned according to the diatonic scale, with which 
he demonstrated that composite tones of varying qual- 
ity could be transmitted and received telegraphically. 
This led him at once to the conception that articulate 
speech could be transmitted over a single wire.” 

“ Gray, therefore, seems to have been the first lo jformu- 
mutate distinctly the conditions necessary to transmit the 
form of the sound-wavre electrically through a wire, and 
to devise Ud practical V/40ANnVECT of accomplishing at.” 

We have already shown that as early as December; 
1874, Mr. Gray had devised apparatus, whereby the 
proper amplitude of each vibration or succession of 
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vibrations, either simple or compound, could be repro- 
duced by means of the electric current, and that he 
had thus solved the general problem of harmonic 
telegraphy and telephony. 

Testifying in the Dewd Case (Dowd Circuit Record, 
Vol. L., pp. 123, 124), Mr. Gray says that his experi- 
ments in the latter part of January or fore part of Feb. 
1874, known ‘as the bath-tub experiment ” and others 
which he subsequently made, demonstrated to him that 
quality as well as pitch could be electrically transmitted 
and that he observed the same thing in all his experi- 
ments during the years 1874 and 1875. Referring to 
his experiments with a mechanical transmitter he says 
that it ‘confirmed what my previous experiments 
had led me to believe ; that not only could the receivers 
that had been named be used as receivers of articulate 
speech transmitted electrically, but that such speech 
would betransmitted through or froma single point. I 
mean by single point without the intervention of a 
series of reeds or points differently tuned and one that 
would be a common or universal transmitter in the same 
sense that the receivers were universal or common. 

In the month of November or December, 1875, Mr. 
Gray was in Milwaukee, Wis., and while there saw what 
is known as the “‘ Lovers’ Telegraph,” and this aided him 
in the production of the speaking telephone described 
and represented in his caveat filed February 14, 1876. 
At page 124, Dowd Circuit Record, he was interrogated 
in relation to the invention of his speaking telephone, 
and testified as follows : 


‘*Ans. The fact that all the vibrations, however complex or dif- 
ferent in form, that are produced in uttering any given word or 
sound, were transmitted longitudinally through a fine thread sus- 
pended from the centre of a diaphragm capable of responding to all 
the aerial vibrations made by the uttering of a word or sound, and 
connected to a similar diaphragm at the other end of the thread, 
which might be from one to two hundred feet in length, proved to 
my mind that all the conditions necessary for the transmission of 
an articulate word were contained in any single vibrating point 
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capable of responding as before stated. I saw that if I could re- 
produce electrically the same motions that were made mechanically 
at the centre of the diaphragm by speaking upon it, such electrical 
vibrations would be reproduced upon a common receiver in the 
same manner that musical tones were; and from the fact that the 
electrical vibrations were the same in respect to rate, amplitude 


and form or complexity, as the motions made in the air by uttering: 


words or sounds, it followed that the receiving diaphragm would 
be thrown into mechanical vibration or motion of a corresponding 
character, and consequently reproduce the same word or sound. 
The fact that the longitudinal movement (in water or other fluid of 
poor conducting quality) of a wire or some good conductor of 
electricity, with reference to another wire or metal conductor, pro- 
duced variations in the resistance of an electric circuit proportional 
to the amplitude of movement, was old in the art at that time; so 
that the last link of knowledge necessary to solve the problem in 
my mind was furnished in the capabilities of the longitudinal vi- 
brations of the string of the before-mentioned so-called lovers’ tele- 


graph.” 


Thus it appears that Mr. Gray had solved the general 
problem of harmonic telegraphy, and that the “ lovers’ 
telegraph ” aided him by suggestion in making a partic- 
ular application of his general method to the speaking 
telephone. | 

On the 14th day of February, 1876, Mr. Gray filed a 
caveat in the United States Patent Office setting forth 
that he had invented ‘a new art of transmitting vocal 
sounds telegraphically.” The caveat will be found in 
the Dowd Cireuit Record, Vol. II.. p. 682; O., p. 3799. 

The object of the invention is stated to be “ to'trans- 
mit the tones of the human voice through a telegraphic 
circuit and reproduce them at the receiving end of the 
line so that actual conversations can be carried on by 
persons at long distances apart. Reference is also 
made in the caveat to the fict that Mr. Gray had in- 
vented and patented methods of transmitting musical 
impressions or sounds telegraphically, and that the 


invention in his caveat was based wpon a modification of 


the invention set forth in the Animal Tissue and Magnet 
Receiver patents of July 27, 1875. The caveat also 


states that “to obtain the objects of my invention I 
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devised: an instrument capable of vibrating responsively 
to all the tones of the human voice and by which they 
are rendered audible. The principle embodied in Mr. 
Gray’s transmitter depends upon varying the resistance 
of the circuit by means of the sound waves. Toa 
diaphragm of parchment or gold-beater’s skin capable 
of responding to all the vibrations of the human voice, 
whether simple or complex, is attached a wire or metal! 
rod extending into a vessel containing some liquid 
such as water, which wire or rod terminates close to a 
similar wire rising from the bottom of the vessel into 
the liquid. Through these wires and the intervening 
liquid the electric current passes, so that when, by the 
impact of a sound wave, the diaphragm is made to 
vibrate, the distance between the ends of the wires, 
that is, the resistance between their points, varies cor- 
respondingly; the vibrations thus imparted are trans- 
mitted through an electric circuit to a receiving 
station, in which circuit is included an electro-magnet 
of ordinary construction, acting upon a diaphragm to 
which is attached a piece of soft iron, and which 
diaphragm is stretched across a receiving, vocalizing 
chamber, similar in form to some ear trumpets. 

The caveat states that “The diaphragm at the re- 
ceiving end of the line is thus thrown into vibrations 
corresponding with those at the transmitting end, and 
audible sounds or words are produced.” 

The claim contained in the caveat is as follows: 


‘* T claim as my invention the art of transmitting vocal sounds 
or conversations telegraphically, through an electric circuit.” 


On the same day that Gray’s caveat was filed Mr. 
3ell also filed his application, upon which his Patent 
No. 174,465 was subsequently granted to him. In 
consequence of the caveat, Bell’s application was sus- 
pended as required by law, and Mr. Gray was notified 
to complete his application for letters patent. It ap- 
pears that Bell’s application was filed a few hours pre- 
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vious to the caveat and that the Commissioner of Pat- 
ents, on the application of Mr. Bell’s attorneys, 
ordered the examiner in charge of the class of electric- 
ity to disregard the caveat, and thus Mr. Bell’s first 
patent was issued and Mr. Gray was deprived of the 
privilege of contesting Bell’s claim to priority of in- 
vention. 

Mr. Gray testified in the Dowd case that at the time 
his caveat was filed he had never seen or heard of any 
apparatus for the telephonic transmission of speech 
other than that which was described and represented in 
the caveat. He assigned as a reason for filing the 
caveat (instead of an application) on the 14th of Feb., 
L876, that at that time he had not constructed a model 
of the instruments therein described and shown. 

Mr. Edward S$. Renwick, being interrogated as to 
whether in his opinion Gray’s caveat of Feb. 14, 1876, 
described and represented a practical apparatus for the 
telephonic transmission of articulate speech, stated that 
he had never had an opportunity of testing the operation 
of a transmitting instrument like that described in 
the caveat, but that from the statement of Prof. Bell as 
to the use of a similar instrument in Philadelphia at the 
Centennial Exhibition in 1876 he was of the opinion 


that the instrument was capable of transmitting articu-. 


late speech, and that he knew by actual trial that a re- 
ceiving instrument like that represented in the caveat 
would receive and reproduce articulate speech. 
Dowd Cireuit Record, Vol. L, pp. 230, 231. 
O.., pp- 3015-16. 


Unlike Mr. Bell’s specification, Mr. Gray’s caveat 
clearly sets forth that the object and purpose of his in- 
vention was “to enable persons at a distance to con- 
verse with each other through a telegraphic circuit,” 
and he claims the art of transmitting conversations tel- 


egraphically. The caveat describes and the drawing 
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represents a telephonic apparatus capable of accom- 
plishing the proposed result. 

For clearness of description and illustration, Mr. 
Gray's caveat is in striking contrast with Mr. Bell’s first 
patent, which deals in generalities and theories and 
says nothing about the transmission and reproduction of 
articulate speech. 

If it be said that Mr. Gray had not constructed an 
upparatus wherewith he transmitted articulate speech 
prior to the filing of his caveat, we answer: Neither 
had My. Bell constructed an apparatus like that shown 
und described in his first patent, wherewith he trans- 
mitted and reproduced articulate speech prior to the 
date of his patent ; nor did anybody afterward attain 
that result until about January, 1879. Moreover, Bell 
admits that the first articulate speech that he heard was 
obtained on the 10th day of March, 1876, with an ap- 
paratus substantially like that in Gray’s caveat. In the 
specification of his patent Mr. Bell uses the phrase 
“vocal or other sounds,” while Mr. Gray states in his 
caveat that the object of his invention is to transmit 
CONVErSALIONS telegray yhically. , 

From the foregoing review of Mr. Gray’s invention 
we respectfully submit that he anticipated Mr. Bell’s 
first patent in that he first invented and discovered the 
true method of transmitting composite vibrations, 
which consists in causing the effective strength of the 
electric current by which the transmission is effected 
to rise and fall with the varying amplitude of the vibra- 
tions or waves which are to be reproduced. This 
inethod Mr. Gray employed in apparatus devised by 
him and publicly used the same before Mr. Bell's 
invention and he subsequently showed a special apph- 
cation thereof in his speaking telephone caveat. 

From that caveat a person skilled in the art at the 
date thereof could have made a telephonic apparatus 
which would have transmitted and reproduced articulate 


speech. 
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Furthermore, we have shown that Mr. Gray con- 
structed magneto-telephones, which were used as re- 
ceiving instruments as early as the year 1874, and which 
were then capable of transmitting and reproducing 


speech. 


BELL AND HIS PATENTS. 
First Patent. No. 174,465. 


We will now turn our attention to the inventions of 
Mr. Bell and to the history thereof. It is important to 
have before the Court the full and complete history of 
what Mr. Bell had done prior to the issue of the patent 
of March, 1876, in order that the patent may be con- 
strued by the light of such facts. Mr. Bell’s work, prior 
to the issue of the patent, is a part of the history of the 
art, and in the heht of the then existing state of the art 
and of what Mr. Bell had done in respect thereto, this 
patent must be construed. Such facts throw the same 
light upon any doubtful question of construction in the 
patent that existing and surrounding facts throw upon 
the construction of a statute or contract inter partes. 
In referring to this branch of the subject we shall draw 
considerably upon the judgment pronounced by Ex- 
aminer of Interferences, Mr. J. B. Church in the inter- 
ference cases in the Patent Office. That judgment was 
pronounced to a great extent upon the same facts that 
are now before this Court. All that Mr. Chureh had 
we have, but we have considerably more. The source 
of our information as to what Mr. Bell had done is sub- 
stantially the testimony of Mr. Bell himself, modified 
by letters to and from him and by other written and 
printed matter during the period referred to. The 
testimony of Mr. Bell will be found in our record in the 
second part of the second volume, page 1586 e¢ seq. 
From that page to page 1657 the testimony is a copy of 
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that given by Mr. Bell in the Dowd case in 1879. From 
1657 to 1767 the testimony is a copy of the cross-ex- 
amination of Mr. Bell by Mr. Hill in the Drawbaugh 
case. The whole testimony is adopted in this case by 
stipulation. 

Mr. Bell was born in Scotland in 1847 and intended 
at first to follow the profession of his father, who was a 
teacher of vocal articulation, and by whom he was in- 
structed in the anatomy and functions of the vocal 
organs, and in subjects bearing generally upon vocal 
physiology. He says that at an early age he invented 
a sperking machine and so constructed it that it was 
able to articulate one or two simple words. He also 
made; what he deemed, the first discovery ; that the ele- 
ments of speech were compound in their nature, and 
made a series of experiments to determine the charac- 
teristic tones of the vowels, and communicated the re- 
sult to Mr. Ellis, of London, who informed him that the 
discovery had already been made by Helmholtz, who 
had proved the compound nature of speech sounds by 
producing such sounds synthetically by compounding 
the tones of tuning forks of different pitches, which 
were kept in continuous vibration by means of an elec- 
trical current. The discoveries of Helmholtz we have 
hereinbefore referred to; they are also stated in the 
testimony of Prof. Cross, to which Mr. Bell refers as 
stating them. The apparatus of Helmholtz, Mr. Bell 
says, consisted of a series of tuning forks of different 
pitches, which were kept in vibration by an electro-mag- 
net placed near their prongs, and through the coils of 
which induction currents were passed bya circuit breaker, 
so that each tuning fork produced its own tone, and 
then, by means of resonators which could be brought 
into action at pleasure, Helmholtz intensified 
these partial tones more or less, or left some of them 
inaudible, at the distance at which the hearer was 
placed, and thereby produced the quality of sound of 
whichever vowel he pleased. This apparatus was 
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deseribed to Mr. Bell by Mr. Ellis about the year 1867. 
Mr. Bell says that as a student of speech he felt it his 
duty to master all the researches of others that bore 
upon what was to be his professional study, and that 
he, therefore, desired to witness the results obtained 
by Helmholtz, and to investigate speech for himself in 
the manner shown by Helmholtz. He, therefore, began 
to study electricity, of which his knowledge was in- 
sufficient, and in the City of Bath, Engiand, to make 
electrical experiments with a tuning-fork set in vibra- 
tion by an electro-magnet. He says that from the year 
1867 to 1870 he made numerous electrical inventions 
based upon the Helmholtz vowel apparatus, and that 
before he left England in 1870 he had made up his mind 
to pursue one of these inventions to a practical end. 
The invention to which he referred is now known as 
harmonic or multiple telegraphy. Myr. Bell says, in 
answer to interrogatory 9, that from the moment he 
became aware that Helmholtz had been able to produce 
vowel sounds with the aid of electricity, he believed 
that other elements of speech might also be produced 
in a similar manner; that while in England he formed 
no idea of the details of an apparatus for producing 
speech in that way, but did very distinctly have the 
belicf that it was possible to construct such an 
apparatus ; that he is sure that he stated to friends in 
England before 1870 his belief that we should one day 
speak by telegraph, but had no idea that he would ever 
himself be connected with the realization of such a 
plan. From the nature, however, of Helmholtz’s ap- 
paratus, and from the subject matter that was then 
occupying the mind of Mr. Bell, it is evident that in 
using that language he does not mean that we should 
understand that he then had in view the transmission 
and reproduction of speech, but, as he says, “an 
apparatus for producing speech ;” in other words, a sort 
of talking machine, the talking of which would be 
effected by means of keys operated by the fingers. 
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The attention of the Court is also called to the fact 
that at this early period Mr. Bell’s attention was 
concentrated upon harmonic or multiple telegraphy, as 
the invention which he purposed to carry out to a prac- 
tical end. The subsequent evidence shows that for 
many years he carried out that purpose with rare per- 
sistence and fidelity. In August, 1870, Mr. Bell's 
parents and himself removed to Brantford, Ontario 
(Canada). In April, 1871, Mr. Bell went temporarily 
tc Boston, at the invitation of the Boston School Board, 
for the purpose of carrying on experiments with his 
father’s system of physiological symbols in the Boston 


| School for the Deat ; the object being to teach the deaf 


and dumb to articulate intelligibly. 

In answer to the 15th interrogatory, Mr. Bell says 
that from the moment of his arrival in Canada in 1870, 
up to the commencement of 1874, his mind was full of 
the scheme for the multiple transmission of telegraphic 
messages by means of musical tones to which he had 
already alluded. 

On the Ist of October, 1872, he moved to Boston, 
and from that time to the commencement of 1874, 
devoted all his spare time to practical experiments 
relating to the production of sounds by electrical 
means, with the object of reducing to practice the 
system of harmonic telegraphy. 

The first instrument described and used by him is 
shown on page 1589, and was constructed in Novem- 
ber, 1873, at Salem, Massachusetts. It is a modifica- 
tion of the apparatus employed by Helmholtz for vi- 
brating his tuning forks, steel reeds being substituted 
for the tuning forks. The transmitter is substantially 
Helmholtz’s transmitter or cireuit-breaker, the normal 
rate of vibration of the reed determining the number of 
electrical impulses thrown upon the line. The receiver 
is provided with a reed (rod) whose normal rate of 
vibration is the same as that of the transmitter, and it 
is set in motion by the attraction of an electro-magnet 
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in circuit with the interrupter, the whole constituting 
an exemplification of Laborde’s apparatus and system. 
On the next page, 1590, is shown a drawing of a re- 
ceiver used by him at that time. During the experi- 
ments, and while using two circuit-breakers or trans- 
mitters on a single line with two receivers, the reed of 
one of the receivers failing to respond to its transmitter, 
was discovered to be of a different pitch, but was ob- 
served to have a sensible motion. Upon placing the 
ear against the receiver two tones were heard similar in 
pitch to the tones produced by the two transinitters and 
(different from that normally, produced by the reed 
itself. The discovery so made was thereafter occasion- 
ally utilized in adjusting the reeds of the receiver, and 
tor that purpose only, as the success of the system de- 
manded the exclusion of composite reproduction. 

In answer to interrogatory 20a Mr. Bell says that 
observation of the force of the feeble vibrations pro- 
duced in the reed of a receiver by the action of a cur- 
rent interrupter of different rate from its own was his 
usual method of ascertaining whether to shorten or 
lengthen the reed of a receiver. When the tone elec- 
trically produced was lower he lengthened the free por- 
tion of the reed; when higher he shortened the same, 
and thus adjusted its pitch to correspond to that pro- 
duced by its proper interrupter. Further experiments 
on the harmonic system were made during the next 
month, December, 1873, involving the use of an indue- 
tion coil with each transmitter or circuit-breaker, the 
receiver being in secondary circuit, and in the early part 
of 1874 another arrangement was tried, wherein severa! 
transmitters were placed in the primary cireuit of a 
single induction coil, instead of a separate induction 
coil for each transmitter. It appears also that in the 
early part of 1874, Bell made use of two phonautographs 
not as part of his experiments in the electrical trans- 
mission of sound, but in the line of his professional 
duties—that is, the introduction of his father’s method 
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of “visible speech,” wherein a system of physiological! 
symbols is employed as a means of teaching articula- 
tion to the deaf. These phonautographs were not orig- 
inal with Bell, but from the answer to the 25d interrog- 
atory, page 1592, seem to have.been constructed after 
the Scott phonautograph, referred to by Prof. Cross, or 
that of Duhamel, referred to by Reis. The instruments 
made by Bell consisted of a rod hinged by a piece of 
leather or cloth to the edge of a circular frame carrying 
a membrane. A small piece of cork fastened to the 
centre of the membrane and to the rod caused the latter 
to follow the vibrations of the membrane and record 
them on smoked glass. Mr. Be™ says that he also ‘‘ de- 


vised ” an apparatus for repr: ‘no, by means of pho- 
nautograph sound tracings’ ads similar to those 


which had made the tracir , but he did not construet 
any such apparatus (Ans ./ and 28, pp. 1593-4). 

The Court will note that this speculation which Mr. 
Bell’s counsel terms “devising an apparatus”’ was a 
speculation for reproducing the sounds recorded by the 
phonautograph, but not by electricity. Myr. Bell also in 
the winter of 1873-4 “ devised ” a form of receiver for his 
harmonic system, in which the reeds were to be polar- 
ized by being attached to the poles of permanent mag- 
nets and placed opposite the poles of electro-magnets. 
Hesays that his method was to attach one reedto each 
pole of a permanent horseshoe magnet, the free end of 
each reed projecting from one pole of a horseshoe 
electro-magnet ; that upon that plan he had one per- 
manent magnet and one electro-magnet for each pair of 
reeds. 

Up to this time the attention of Mr. Bell had been 
exclusively monopolized by the development of his har- 
monie system; he had made no efforts looking towards 
the reproduction of sounds, even, and his original ideas 
of the production of sounds by electricity had not, ap- 
parently, given place to the idea of their reproduction. 
The facts so far stated also rest entirely upon the 
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testimony of Mr. Bell, and so far as the record discloses 
were witnessed by no person, except so far as his pho- 
nautographic experiments were made in conjunction 
with Prof. Cross. 

Speaking of the instrument last above mentioned 
‘devised ” by him, Mr. Bell says in answer to the 32d 
interrogatory that inthe summer of 1874 he devised a 
magneto-electric transmitter to work without a battery ; 
that he saw that the receiver with polarized reeds, just be- 
fore described, could be made to produce electrical cur- 
rents if the reeds were caused to vibrate mechanically ; 
he therefore devised an arrangement whereby each reed 
should be enclosed in a bed so arranged that the reed 
could be set in vibration by wind in the ordinary man- 
ner, asin organ reeds. These things which Mr. Bell 
claims to have “ devised” do not appear to have been 
constructed by him ; he stopped with the mental con- 
ception, although he produces a drawing which he says 
he made at the time, and which is shown on page 1595. 
Mr. Bell says (answer to interrogatory 35, in speaking 
of these “ devised ” instruments) that he understood 
from the well-known laws of magneto-electricity that a 
current of electricity would be induced in the coils of 
the electro-magnet /, figure 7, when any one of the 
transmitting reeds:f moved downwards or upwards, and 
that the strength of the current would be proportional 
to the velocity of the motion of the reed. He, there- 
fore, inferred that as the velocity of motion of the reed 
was increased, when the amplitude of its vibration was 
increased that the strength of the current produced by 
the vibration was also increased. In considering the 
effect upon the corresponding reed <A, of the receiver 
it was evident that the violence of its vibration 
depended upon the strength of the electrical impulses 
passed through the coils of the electro-magnet E. He 
therefore reasoned that the more violent the vibration 
of the transmitting reed the more violent would be the 
vibration of the corresponding receiving reed ; and the 
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less violent the vibration of the one, the less violent 
the vibration of the other. Thus, for every reed in the 
transmitter there was to be a reed in the receiver of 
the same pitch. 

It is to be borne in mind that by this arrangement it 
was contemplated that ‘each reed should be enclosed 
ina bed so arranged that the reed could be set in 
vibration by wind in the ordinary manner, as in organ 
reeds,’ and the receiver was like the transmitter; so 
that a tone sounded by one was to be reproduced by 
the other, the whole being designed as a substitute for 
the circuit-breaker and tuned reed previously used in 
his harmonic experinents, the wind acting as the agent 
for setting in motion the reed only. In other words, 
this alleged coneeption or ‘ devising” involved as a 
modification of the Laborde and Baile systems, the 
polarization of the reeds or armatures and the substi- 
tution for the circuit-breaker of a magneto-electric 
venerator, the vibrations of the transmitter to be 
mechanically produced, however, instead of in response 
to external sounds. In order to reduce the number of 
magnets employed, Mr. Bell says he devised the imstru- 
ment shown on page 1596 ancl denominated figure 8, and 
venerally called the “ harp instrument,” wherein he at- 
tached a series of reeds to one limb of a horse-shoe 
magnet and used a single elongated straight bar electro- 
magnet, the transmitter and receiver to be duplicates. 
Neither of these instruments was constructed. 

In answer to the 37th interrogatory, Mr. Bell states his 
ideas conceived during the summer of 1874 concerning 
the transmission of articulate speech by electricity. His 
account of the mental conception and development of 
such an instrument is substantially as follows : 

His acquaintance with Helmholtz’s theories led him 
to believe that any of the sounds of speech could be 
produced by producing the musical tones of which 
such sounds were known to be composed, with their 


appropriate relative intensities. He was familiar with 
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the well-known experiment of articulating to an un- 
damped piano, and had observed that the sound pro- 
duced thereby approximated to that of the sound 
uttered in the vicinity and was due to the sympathetic 
vibration of those strings which correspond in_ pitch 
to the fundamental and upper partials or over-tones of 
the vowel, and that their amplitude of vibration corre- 
sponded to the loudness of the composite tones. 
Reasoning from analogy, he concluded that the ‘‘ harp 
instrument,’ when constructed with a sufficient number 
of reeds graduated as to pitch, would serve to analyze 
the sounds of the voice into its component parts, and 
these reeds corresponding to the fundamental and over- 
tones would be set in motion like the strings of the 
piano, with the proper relative amplitude of vibration, 
inducing a current in the line which should affect the 
corresponding reeds of the receiver in the same degree 
and thus reproduce or copy the motions of the reeds at 
the transmitting end and produce a composite tone 
which should correspond to that operating upon the 
reeds of the transmitter. 

It then occurred to him that inasmuch as there was 
but a single magnet to be influenced by the reed, the 
éffect thereon would be but the sum of the vibrations of 
such reeds as were set in motion, and he argued in his 
own mind that this resultant effect might be produced 
by a single reed, if caused to vibrate in such manner as 
to represent the resultant of all the vibrations. 
Stretched membrane, he was well aware, would readily 
respond to sound vibrations, and his knowledge of the 
construction of the human ear, and experience in the 
use of the phonautograph and Koenig’s mano- 
metric flame apparatus, demonstrated the capacity of © 
such a membrane to communicate its vibrations to other 
objects ; hence it occurred to him that if he attached 
the reed to a stretched membrane and talked against 
the latter, the complex vibrations incident to articula- 
tion, the resultant of tones and over-tones, would be 
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undulations. 


rogatories 37 to 40 inclusive. 


5 < 


description of his inventions, and his 


Drawbaugh Record, on page 995. 


Farmer, Prof. Lovering; and to one of the 


answer to 


47th interrogatory says that he produces them. 


communicated to the reed and by its influence upon 
the magnet be converted into corresponding electrical 


Mr. Bell makes these statements in answer to inter- 


He says that he did xot construct the apparatus de- 
scribed, because he had the idea that the magneto- 
electric currents produced by the operation of the voice 
would be too feeble to produce practically useful results. 
The Court will note, however, that thisis Bell’s original 
conception of method, or, in other words, the “ method ” 
originally conceived by him that it involves the pro- 
duction of a current by the action of the voice on a dia- 
phragm. He says that in the summer of 1874 he did 
converse with some people respecting this arrangement, 
and illustrated the subject holding in his hand the 
human ear; but he cannot remember details or persons. 
On his return to Boston in September or October, he 
did, however, speak of his harp arrangement or plan for 
the transmission of articulate speech to Dr. Blake, Mr. 
Professors 
of the Institute of Technology ; also to Mr. Saunders in 
Salem, Massachusetts, and to Mr. Gardiner G. Hub- 
bard in Cambridge. He says that in speaking to Dr. 
Blake of the matter, he made sketches to illustrate his 


the 
The 


sketches, however, are not in our record ; they may be 
found in Volume LYV., Complainant's Exhibits, of the 


, Speaking of the instrument shown by these figures, 
| Mr. Bell says, in answer to the 48th interrogatory, page 


1599, that he had the idea that magneto-electric cur- 


‘ rents generated by the vibration of a polarized tongue 


were very Feeble, aud therefore sought to increase the effect 


by combining together three permanent horse-shoe 


magnets, as illustrated in the figure. He says that figure 


3 represents a galvanometer in circuit with a straight- 
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the well-known experiment of articulating to an un- 
damped piano, and had observed that the sound pro- 
duced thereby approximated to that of the sound 
uttered in the vicinity and was due to the sympathetic 
vibration of those strings which correspond in_ pitch 
to the fundamental and upper partials or over-tones of 
the vowel, and that their amplitude of vibration corre- 
sponded to the loudness of the composite tones. 
Reasoning from analogy, he concluded that the ‘‘ harp 
instrument,” when constructed with a sufficient number 
of reeds graduated as to pitch, would serve to analyze 
the sounds of the voice into its component parts, and 
these reeds corresponding to the fundamental and over- 
tones would be set in motion like the strings of the 
piano, with the proper relative amplitude of vibration, 
inducing a current in the line which should affect the 
corresponding reeds of the receiver in the same degree 
and thus reproduce or copy the motions of the reeds at 
the transmitting end and produce a composite tone 
which should correspond to that operating upon the 
reeds of the transmitter. 

It then occurred to him that inasmuch as there was 
but a single magnet to be influenced by the reed, the 
effect thereon would be but the sum of the vibrations of 
such reeds as were set in motion, and he argued in his 
own mind that this resultant effect might be produced 
by a single reed, if caused to vibrate in such manner as 
to represent the resultant of all the vibrations. 
Stretched membrane, he was well aware, would readily 
respond to sound vibrations, and his knowledge of the 
construction of the human ear, and experience in the 
use of the phonautograph and Koenie’s mano- 
metric flame apparatus, demonstrated the capacity of 
such a membrane to communicate its vibrations to other 
objects ; hence it occurred to him that if he attached 
the reed to a stretched membrane and talked against 
the latter, the complex vibrations incident to articula- 
tion, the resultant of tones and over-tones, would be 
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communicated to the reed and by its influence upon 
the magnet be converted into corresponding electrical 
undulations. 

Mr. bell makes these statements in answer to inter- 
rogatories 37 to 40 inclusive. 

He says that he did not construct the apparatus de- 
scribed, because he had the idea that the magneto- 
electric currents produced by the operation of the voice 
would be too feeble to produce practically useful results. 
The Court will note, however, that thisis Bell’s original 
conception of method, or, in other words, the “ method ” 
originally conceived by him that it involves the pro- 
duction of a current by the action of the voice on a dia- 
phragm. He says that in the summer of 1874 he did 
converse with some people respecting this arrangement, 
and illustrated the subject holding in his hand the 
human ear; but he cannot remember details or persons. 
On his return to Boston in September or October, he 
did, however, speak of his harp arrangement or plan for 
the transm ssion of articulate speech to Dr. Blake, Mr. 
Farmer, Prof. Lovering, and to one of the Professors 
of the Institute of Technology ; also to Mr. Saunders in 
Salem, Massachusetts, and to Mr. Gardiner G. Hub- 
bard in Cambridge. He says that in speaking to Dr. 
Blake of the matter, he made sketches to illustrate his 
description of his inventions, and his answer to the 
47th interrogatory says that he produces them. The 
sketches, however, are not in our record ; they may be 
found in Volume LV., Complaimant’s Exhibits, of the 
Drawbaugh Record, on page 995. 

Speaking of the instrument shown by these figures, 
Mr. Bell says, in answer to the 48th interrogatory, page 
1599, that he had the idea that magneto-electric cur- 
rents generated by the vibration of a polarized tongue 
were very Feeble, and therefore sought to increase the effect 
by combining together three permanent horse-shoe 
magnets, as illustrated in the figure. He says that figure 
4+ represents a galvanometer in cireuit with a straight- 
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bar electro-magnet, over the pole of which a polarized 
or magnetical tongue is placed; that he made this draw- 
ing for the purpose of explaining to Dr. Blake the 
peculiarities of the electrical current produced by vibra- 
tion of a magnet in front of an electro-magnet. He 
says also that the other illustration, termed figure 4, 
represents the first apparatus he had conceived for the 
transmission of vocal utterance electrically ; that it is 
the same harp instrument shown before in figure 
8S on page 1596. Myr. Bell says that he has 
a recollection of asking Dr. Blake’s opinion as 
to whether the human voice could’ vibrate’ the 
membrane with attached armature, and _— that 
he got the impression from Dr. Blake’s remarks that it 
could, if the membrane were made concave lke that in 
the human ear, and if the end of the armature were at- 
tached, not to the centre of the membrane but to a 
point a little one side corresponding to the point of 
attachment of the malleus and tympanic membrane of 
the ear. Mr. Bell fixes the time of this conversation 
with Dr. Blake by reference to a letter received from 
Dr. Blake, dated October 21, 1874, in which Dr. Blake 
referred to some letter that he had received from Mr. 
Elisha Gray concerning experiments in telegraphing 
vocal sounds; that he thereupon visited Dr. Blake and 
told him that he did not wish to see Gray’s letter, as 
he was then engaged upon the problem of transmitting 
articulate speech by electricity and did not wish to be 
indebted to any one for information on the subject— 
which is a little curious, as he was just then asking in- 
formation from Dr. Blake with reference to the prob- 
able capacity of the instrument devised by him. 

From this testimony it is apparent that Mr. Bell 


would have us believe that by and prior to the time of 
his conversation with Dr. Blake he had evolved a 
theoretically complete and _ efficient instrument for 
transmitting the human voice, while at the same time 
he concedes that no effort was made to demonstrate by 
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experiment its value, nor was any expression given to 
his views. Mr. Bell was peculiarly impressed with the 
importance of such a discovery, and he was engaged in 
such experiments upon the electrical transmission of 
sound that there would seem to have been no difficulty. 
had he so desired, to test his theories. The excuse he 
gives is that he had the idea that the magneto-electric 
currents produced by the operation of the voice would 
be too feeble to produce practically useful results (In- 
terrogatory 43, p. 1598). 

Mr. Church, in commenting upon this point in the 
history of Mr. Bell, says that this explanation 


‘* Does not accord well with the elaborate deductions he had 
drawn from experience. It is true that this reason for not testing 
the harp instrument was given in the preliminary statement, sworn 
to May 8, 1876, filed in the Multiple Telegraph Interferences, but 
no mention was then made of the reed and membrane, and it seems 
a little strange that an instrument should have been so elaborately 
reasoned out, when the principle upon which it was founded was 
supposed to be erroneous and inadequate. Some allowance must 
also be made for the natural tendency of the mind to magnify and 
enlarge upon a favorable phase of early mental processes. particularly 
when, as in the present instance, subsequent events develop striking 
analogies. Contemporaneous evidence, written or oral, as to the 
metes and bounds of his idea there is none; slight and apparently 
insignificant errors in this science as in mathematics vitiate the 
whole process and result in complete failure ; consequently the law 
prefers demonstration to mere theories, and requires that elements 
entering into the calculation shall be evidenced by some _ person 
other than the inventor. The expression of a desire, a hope, a 
purpose or an ability to perform or accomplish certain results, with- 
out defining the means to be employed and method to be pursued, 
is not proof of invention, and more especially is this the case ‘when 
the object sought has reference not to an improvement, dut to an 
entirely new art or machine. Therefore we must look beyond the 
mere testimony of the party as to mental transactions, and demand 
that he shall substantiate his claims by some corroborating contem- 


poraneous evidence.”’ 


We are not now concerned in the immediate question 
which occupied the mind of Examiner Church ; he was 
questioning the time of Mr. Bell’s invention—we are 
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more immediately asking the attention of the Court to 
the character of Mr. Bell’s invention. It is apparent 


that up to this point his whole mind was imbued, for 


whatever purpose, with the idea of the use of the 
magneto-electric current and with the method he had 
conceived for producing it; that it was that alone which 
he conceived might be made useful in transmitting 
speech by electricity, and that he was so thoroughly 
and completely impressed with the utter uselessness of 
thut current for practical purposes because of ts Seeble- 
ness that he made no attempt to practically realize the 
conception, which he regarded as theoretically perfect 
and complete that therewith (if strong enough) he might 
transmit speech. This inaction is the more remarkable 
in view of the fact that he then must have understood, 
as his answer to interrogatory 51 would indicate, that 
Mr. Gray was engaged on the problem of transmission of 
articulate speech, and that unless he was willing to be 
anticipated by Gray, the utmost diligence was incumbent 
upon him to perfect his invention, resting so far only in 
conception. He, however, did not do so. On the con- 
trary, he did most thoroughly devote himself to the 
problem of harmonic or multiple telegraphy, and there 
can be little question that it was anticipation in that 
line, and not in the way of transmitting speech, which 
he apprehended from the activity of Prof. Gray. 

In February or March, 1875, Mr. Bell had a conver- 
sation with Prof. Henry in Washington, and detailed it 
in a letter to his parents, printed on page 1601 ef seq. 
He detailed to Prof. Henry the experiment of passing 
an intermittent current of electricity through an empty 
helix of insulated copper wire and hearing a noise 
proceeding from the coil similar to that heard from the 
telephone. Mr. Bell was so gratified by the interest 
taken in his experiment by Prof. Henry that he ex- 
plained, he says, to Prof. Henry, and asked his advice 
wbout the apparatus he, Bell, had designed for the 


transmission of the human voice by telegraph. That 
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Prof. Henry thought the idea was the germ of a great 
invention and advised him to work it out himself, in- 
stead of publishing. Mr. Bell stated that he recog- 
nized the fact that there were mechanical difficulties in 
the way that rendered the plan impracticable at the 
present time, and added that he felt that he had not 
the electrical knowledge necessary to overcome the 
difficulties; and that Prof. Henry laconically answered, 
“ Get it.” Mr. Bell adds that such a chimerical idea 
as telegraphing vocal sounds would indeed, to most 
minds, seem scarcely feasible enough to spend time 
in working over it; he believed, however, that it was 
feasible and that he had the cue to the solution of the 
problem. What it was which Mr. Bell explained to 
Prof. Henry does not appear, but in a letter to Mr. 
Hubbard, dated May 4, 1875 (page 1604), mention is 
made of a letter from Prof. Henry in answer to one 
from ell explaining some experiment the latter 
had undertaken for the purpose of determining the 
cause of the sound heard from the empty helix, 
wherein Beil states: “The deduction I had made from 
the experiment was that an intermittent current of elec- 
tricity creates a molecular vibration in the conductor 
through which it is passed.” This chain of thought and 
experiment resulted in a discovery, original though not 
new, as he afterwards learned, that an intermittent cur- 
rent of electricity created a molecular vibration in the 
conductor through which it passes, and this property 
he thought to utilize for the transmission of sound. In 
this same letter of May 4th, after mentioning an ex- 
periment he purposed to try—that of passing an 
intermittent current through the strings of a piano, 
with the expectation that the string whose rate of 
movement coincides with the molecular vibration in- 
duced in the wires by one of the transmitters will re- 


sound loudly, he continues : 


‘* Another experiment has occurred to me, which, if successful, 
will pave the way for still greater results than any yet obtained. 
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The strings of a musical instrument in vibrating undergo great 
changes in molecular tension; in fact, the vibration is the result of 
the strugvie between the tension of the string and the moving force 
impressed upon it. I have read somewhere that the resistance 
offered by a wire to the passage ofan electrical current is affected by 
the tension of the wire. If this is so, a continuous current of elec- 
tricity passed through a vibrating wire should meet with a varying 
resistance, and hence a pulsatory action should be induced in the 
current. If this turns out to be the case, the oscillations of the cur- 
rent should correspond in amplitude, as well as in the rate of move- 
ment, to the vibrations of the string, and one consequence would be 
that the timJre of the sound should be transmitted. Te plan for 
transmitting timre that I explained to you before, viz., causing per- 
manent magnets to vibrate in front of electro-magnets, is gener- 
ally defective on account of the jfeebleness of the induced currents. 
[f the other plan is successful, the strength of the current can be in- 
creased ad l/+itum without destroying the relative intensities of the 


vibrations.”’ 


The Court will notice the contrast in the mind of Mr. 
Bell of the tivo plans for transmitting timbre here re- 
ferred to. The one plan, which he calls the magneto 
plan, is his first conception and of the impracticability 


of which he had been so convinced that he had never 
tried to realize what he regarded as perfect in theory. 
He, in this letter presents the theory of the other plan, 
which is a varying of resistance by vibrating the con- 
ducting wire. He seems similarly to have as yet made 
no experiments with this second plan. 

In his answer to the 64th mterrogatory, Mr. Bell en- 
larges upon the matter referred to in his letter of May 
4th. He again states that he had the idea that mag- 
neto-electric currents generated in the way shown in 
his harp instrument would be too feeble for practical 
purposes. Within a day or two after the letter was 
written, the experiment was made with the piano, and 
was a failure. He seems to have made no experiment 
by way of vibrating wire in the manner he referred to 
until some time in the year 1879, when he tried it lis- 
tening with a hand-telephone then known, and was able 
to discover a faint tone (see Record, page 1608, an- 
swers to Interrogatories 68 and 69). 
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This speculation of Mr. Bell as to what might be 
done by vibrating a wire, the Court will note, is the 
only thing in the course of his thoughts or experiments, 
as detailed by himself, having the least reference to 
the idea that speech could be transmitted by what is 
now called the ‘ microphone method,” in contradistine- 
tion to a plan or method which apparently was always, 
more or less, in his mind from the time of its first con- 
ception called the magneto-electric method. 

We now come to an experiment, or accidental dis- 
covery, which has been made of great importance in 
this litigation. On the 2d of June, 1875, Mr. Bell ad- 
dressed to Mr, Hubbard a letter in which he says: 


‘‘ T have recently made a discovery of the very greatest import- 
ance in regard to the transmitting instruments. Indeed, so import- 
ant does it seem to me that I have written to the organ factory to 
delay the completion of the reed arrangement until I have had an 
opportunity of consulting you. Ihave succeeded to-day in trans- 
mitting signals without any battery whatever. A musical note 
produced at the receiving end was sensibly the equivalent of that at 
the transmitting end, 2 loudness as well as pitch.” 


At the time of conducting this experiment, Mr. Bell 
was engaged in experimenting with reference to his sys- 
tem of autograph telegraphy based upon his harmonic 
system. In this he was assisted by Thomas A. Watson. 
A series of interrupters, or circuit-breakers, with sepa- 
rate keys for connecting them with the main line at one 
station, and a series of harmonic receivers were sta- 
tioned at two points on the line; each receiver con- 
sisted of a horseshoe electro-magnet, with a reed (cor- 
responding in pitch to one of the interrupters) fast 
ened to one leg, and a coil of insulated wire surround- 
ing the other. It was the design that one of the receivers 
at each station should respond when the interrupter 
whose rate of vibration corresponded to that of the 
reed should be connected by depressing its key. In 
testing the apparatus, one of the reeds at Watson’s 
station failing to respond, he was directed to pluck it, 
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as that means was sometimes adopted for starting the 
reed when it had become attached to the pole of a 
magnet. He did so, and Bell observed that the corre- 
sponding reed at his station was thrown into vibration, 
though he did not depress the key of the transmitter. 
He was at a loss to understand where the current came 
from to operate the reed, and to make sure that it was 
derived from the transmitters, he cut them out entire- 
ly and connected the two receivers upon a circuit with- 
out a battery. Upon plucking with the finger any reed 
at one station, it was found that the corresponding 
reed of the other station was thrown into sympathetic 
vibration ; upon placing the ear at each reed the pecul- 
iar tone of the reed plucked at the other station could 
be recognized, and Mr. Bell says that he recognized 
that the ¢imbre of the plucked reed had been repro- 
duced. Mr. Bell supposed that when the apparatus 
was used without a battery, the electrical impulses 
were generated by the residual magnetism caused by 
the passage of heavy battery currents through the coil, 
and that the vibration of the reed when plucked by the 
finger had occasioned a magneto-electric current upon 
the circuit similar to that which he had intended 
to produce by the vibration of the reeds of the harp 
instrument devised in Canada. He says that these ex- 
periments solved the difficulty that had been in his 
mind since the summer of 1874; in regard to the prac- 
tical operation of the various instruments which he had 
devised, though not constructed, for the reproduction of 
vocal utterance by electrical means. He had had the 
idea that magneto-electric currents generated by the 
vibration of permanent magnets or reeds would be too 
feeble to produce any useful practical results ; these ex- 
periments assured him that he had been mistaken in 
that idea, and he thereupon gave instructions to Mr. 
Watson to have his membrane arrangement constructed. 
It was constructed, but instead of hinging a steel reed, 
as he says he had intended, Mr. Watson, he says, used 
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a thick armature which was pivoted to the pole of its 
| electro-magnet. The uncovered leg of the magnet to 
which that armature was attached was removed a day 
or two after and another substituted for it; the pole of 
the uncovered leg was filed to an edge and a steel reed 
was hinged to it by means of astrip of leather. Exper- 
iments were made with this instrument without waiting 
to have the duplicate receiver made. They seem to 
have been a complete failure, for nothing is stated by 
Mr. Bell with regard to them except that he was en- 
couraged to reconstruct the instrument with a lighter 
armature. The first test, Mr. Bell says, was with a 
battery, which at once tore the membrane. These ap- 
pear to have been the only experiments conducted with 
«a membrane instrument in June, although, as Mr. Bell 
testifies (page 1614), during the month of June he was 
constantly occupied in experimenting to ascertain the 
the best arrangement of his coil, magnet and armature 
for generating electric currents by the vibration of a 
reed in front of an electro-magnet. 
The fair inference from this is that the experiment 
with the membrane was incidental to some other in- 
vention upon which Mr. Bell was then engaged, and 
J that the results obtained were not very strongly marked 

or reassuring, notwithstanding his claims and assertions 
to the contrary. The experiments upon which he was 
mainly engaged, and to which the membrane _instru- 
ment would appear to have been a subsidiary or modi- 
fied form, belong to the multiple harmonicsystem. The 
letter of Mr. Bell to Mr. Hubbard, of June 28, 1875, 


strongly supports this theory. It is in these words : 


Dear Mr. Husparp—Mr. Hutchings (the organ builder) kindly 
devoted the whole of this afternoon to the construction of a steel 
reed for me. One ofthe latest receiving instruments was enclosed 
in a wooden box and had its armature so arranged as to be set in 
vibration by a current of air passed through the box. The instru- 
ment was completed this evening in time for trial. Mr. Hutchings 
operated the reed in a little room upstairs (Williams’ office), while 


I observed the effect upon a receiving instrument placed in the 
basement of the building. The sound was so perceptible that I 
found it unnecessary to place my ear against the instrument. The 
vibration of the armature could also be seen and felt. No battery 
nor permanent magnet was used. I feel sure that a study of 
Ladd’s or Wilde’s magneto-electric machines will reveal a means of 
increasing the intensity of the induced currents. I am told that 
Prof. Lovering has one of Wilde’s instruments in his possession, so I 
shall call upon him to-morrow for information concerning it. Prof. 
Pickering has left town for the summer. I propose having the steel 
reed still further altered to-morrow, so shall probably be at the 
organ factory most of the afternoon instead of at Williams’. Shall 
call in the evening and report progress. 

P. S. The experiment referred to above was repeated; whena 
single cell of a battery had been placed in a circuit, the amplitude of 
vibration of the armature downstairs was quite large enough to 
work the vibratory circuit-breaker. We were unable to try higher 
battery power on account of the sticking of the generating arma- 
ture: when the instrument is altered to-morrow I shall try higher 
battery power and test the resistance, through which the current will 


pass. 


The latest ‘‘ receiving instrument” referred to in the 
commencement of the letter was undoubtedly to per- 
form the functions of the circujt-breaker previously 
employed, the current of wind merely operating to 
vibrate the reeds and the induced currents to set in 
motion similarly-tuned reeds. His statement that ‘“ the 
amplitude of vibration of the armature downstairs was 
quite large enough to work the vibratory circuit- 
breaker” points directly to the system of autographic 
telegraphy upon which they were at work, and which 
is described in Bell’s patent of April 6, 1875, and re- 
ferred to in the patent of March 7, 1876, on which the 
bill of complaint herein is filed. 

On July 1, 1875, Mr. Bell writes to Mr. Hubbard: 


The experiment to which I alluded when I saw you 


last promises to be a grand success. On singing this 
afternoon in front of a stretched membrane attached 


to the armature of an electro-magnet the varying 
“pitch of the voice was plainly perceptible at the other 
“ end of the line, no battery nor permanent magnet be- 


“ing employed. When the vibrations are received 
” upon another stretched nrenbrane in place of a steel 


“spring, itis possible—nay, it is probable—that the 
‘“‘ timbre of the sound will be perceived. I hope to try 
‘‘ the experiment to-morrow afternoon.” 

Whether or not the idea of a receiver of this kind was 
contemporaneous with the conception of a transmitter 
does not definitely appear. The first mention that Mr. 
Bell makes of it in his testimony is the explanation of 
thoughts supposed to have occurred at the time the 
letter of May 4, 1875, was written, and where he says 
he intended, when he had Watson make his first mem- 
brane transmitter in June, 1875, to have a duplicate 
made for a receiver. In this letter of July 1, 1875, we 
find the first disclosure of such an idea and coupled 
with the statement that “it 1s possible, nay, it is prob- 
able that the timbre of the sound will be perceived,” 
which is not the statement of a man who was confident 
or who thought that he had already solved the problem 
of the transmission of speech. 

The first trial of a membrane transmitter was made 
with the harmonic receiver to satisfy Bell’s desire 
for an immediate test, as he says; but it was not 
until July 1, the day this letter was written, that 
he gave orders for the construction of the second 
instrument ‘(see page 1615 and 84th answer). Mr. 

sell tells us of no successful results of his first trial 
other than that he was encouraged to reconstruct with a 
lighter armature (see Answer 77). The experiment 
with this second instrument seems to have produced 
no substantially better result. It was the first experi- 
ment wherein a membrane receiver was used. Bell 
says that Watson rushed up to the room where he was, 
and said that he could distinctly hear Bell speaking, 
though he could not quite make out what he said. He 
had satisfied himself that the sounds he heard had 
been produced by the membrane telephone to which he 
had been listening (Answer 90, page 1615). Mr. Bell 
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says that he considered that this experiment demon- 
strated the practicability of transmitting articulate 
speech by instruments having the same mode of opera- 
tion and principle as these stretched membrane instru- 
ments, and that it was only necessary to make further 
experiments to ascertain the best arrangement of the 
parts. On lis cross-examination by Mr. Hill (page 
1660, Answer 293) Mr. Bell says that in the summer of 
1874 he became convinced that he had devised a method 
and apparatus by which the sonorous vibrations of the 
air could be caused to produce similar sonorous vibra- 
tions in the air of adistant place; that there was no 
doubt in his mind thatif the reproduced vibrations were 
sufficiently violent that they would affect the ear as a 
sound of similar character or quality to that produced 
by the original vibration—that is, he became convinced 
in the summer of 1874 that he had arrived at the true 
conception of a speaking telephone. The chief doubt 
in his mind at that time was as to the practical 
value of the reproduced speech. He saw that while 
the reproduction of the original vibrations would be 
perfect they would be copied in miniature; they 
would be, as it were, microscopic photographs of 
the originals. In other words, they could not be heard. 
He was doubtful whether the unassisted ear could 


perceive the vibrations as sound, and whether if so, 
the minute details of the vibrations, upon which depend 
the character or quality of the sounds produced would 
be perceived by the sense of hearing. At that time he 


proposed to take advantage of magneto-electric currents 
produced by the vibration of an armature actuated by 
the voice of a speaker, so that the electric current em- 
ployed would be produced by the action of the voice itself, 
and not independently of it; hence the reproduced vi- 
brations would necessarily be very much feebler than 
the original, and it was questionable in his mind how 
far they would be of practicai value. 

During the winter of 1874 and spring of 1875 this 
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feeling led him to seek some method by which the voice, 
instead of producing the electric current used, should 
merely modify the current produced by other means. 
In May, 1875, he “ devised” a method of varying the 
resistance of a galvanic current by the action of the 
voice, in the hope that this would obviate the supposed 
insufficiency of the magneto-electric current and pro- 
duce practically operative effects; that he was. still 
carrying on those experiments and researches regarding 
that method when the accidental discovery made on the 
2d June, 1875, proved that the supposed insufficiency 
of a magneto-electric current to produce audible effects 
was a mistake; that he then immediately ordered the 
construction of the speaking telephone just above re- 
ferred to. He says (page 1663) that he satisfied him- 
self by listening at the receiving telephone that the 
articulation was there, although he cannot recall the 
details of any particular experiment in which he heard 
words or sentences. He was satisfied with having ob- 
tained audible results at all, for he knew from theory 
that the articulation was there, and he was convinced 
that the instrument had only to be properly made, and 
tried under suitable conditions of experiment, to be 
practically operative; that the greater portion of 
his time, therefore, after the Ist of July, was 
taken up in experimenting with vibrating reeds 
and permanent magnets in front of electro-mag- 
nets, with coils varied in different ways, to arrive 
empirically at that arrangement which would produce 
the most violent effects. Few, if any, experiments of 
any kind were made between the end of July and the 
date of the patent, and he can remember of none. 

We may here remark that this confidence from his 
theoretical knowledge not stated by Mr. Bell to have 
then existed is somewhat inconsistent with the state 
of mind described in the foregoing letter of July Ist, 
1875, wherein he spoke of the desired result as “ possi- 
ble—nay probable.” 
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On page 1672, cross-question 318, Mr. Bell is asked : 
‘“TIn your patent of March 7, 1876, I understand figure 6 of the 
drawings to represent three stations of a harmonic or multiple tele- 
graph system. Without reference to the question about whether 
you had your instrument of June 2d connected in series or multiple 
arc, L wish to Know how far this figure 6 represents the apparatus 
with which you commenced those experiments of June 2d; and I 
will state that, as I understand your testimony, if the instruments 
A, B, C of the left-hand station directly over the battery, as shown 
in said drawing, were removed, and your circuit-interrupters and 
telegraph keys substituted therefor, then said figure 6 would be a 
pretty correct representation of your apparatus at the beginning of 
your June 2d experiment; please state whether my understanding 
of your testimony is correct, and, if not, wherein it is incorrect ? 
‘*A. I think that figure 6 would, with the alterations you sug- 
gest, and areturn wire instead of the earth, be a substantially cor- 
rect diagram of the arrangement used in the experiment referred 
to, assuming the instrument to have been connected in series as 


shown.” 


Mr. Bell goes on to state, in answer to questions, that 


the instruments used by him in the experiment of June 
2d consisted at the transmitting station of cireuit-inter- 
rupters with a telegraph key for throwing them in and 
out of circuit; whereas in the drawing, figure 6, in the 
patent, the transmitting station consists, not of circuit- 
interrupters and telegraph keys, but of magneto-trans- 
mitting reed instruments arranged in the circuit. He 
is then asked (question No. 321) : 


‘‘Now, referring to this transmitting station, it is true, is it not, 
that your passage from the circuit-interrupting apparatus, which 
you were using at the beginning of that June 2d experiment, to the 
macneto-transmitting reed instruments shown in the left-hand sta- 
tion of figure 6 of your said patent of March 7, 1876, as a transmit- 
ting apparatus, was one of the results of that discovery of June 2, 


1875 ?” 


The answer is: 


‘Oh, no; not atall. [had made a transition in theory long before, 
hut up tothe date of the experiment referred to I had presumed that 
the magneto-transmitting reed instrument would produce so much 
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feebler effecis than the circuit-interrupting apparatus that I feared 
that they might not prove sufficient for the purpose of my inven- 
tions. The experiment of June 2d occasioned the great change in 
my opinion regarding this point, and this was the chief result of 
the experiment made that day.” 

‘*(). 322. And that change of opinion caused you to substitute 
magneto-transmitters in place of the circuit-interrupters, did it 
not ?”’ 

‘CA. If by ‘substitution’ you mean giving up the circuit inter- 
rupter, it did not. The vibrations produced in the receiver by the 
action of the circuit interrupter seemed to be more powerful than 
those produced by the magneto-transmitters mentioned, and I felt 
that they might well be utilized for certain purposes in my system 
of multiple telegraphy; but when it was designed to transmit many 
Morse messages simultaneously on the same circuit, I believed that 
the magneto reed instruments would permit of the transmission of a 
very much larger number of messages without interference with one 
another than could be possible with circuit-interrupters.” 

‘(. 323. Your belief that when it was designed totransmit many 
messages simultaneously on the same circuit the magneto reed in- 
struments would permit of the transmission of a very much larger 
number of messages without interference with one another than 
would be possible with circuit-interrupters, was a belief that had 
its origin in the experiment of June 2, 1875, and the discovery that 
you made that day, was it not ?” 

‘A. No; it had its origin long before, but I had feared until the 
2d of June, 1875, that the instrument would not prove in practice 
as perfectly adapted for my purpose on account of the feebleness 
of the vibrations of thereceiving reeds as they were in theory. My 
thorough and complete belief in the practicability of using such 
instruments in anything more than laboratory experiments dated 
from the experiment referred to; all the theoretical part had been 
developed long before that time. There was only one difficulty in 
my mind—the supposed feebleness of the effect; the discovery of 
June 2d merely removed this difficulty.” 

‘“(Q. 324. Then, the discovery of June 2d consisted simply in this 

that the magneto current produced by vibrating an armature in 
front of the pole of an electro-magnet was stronger than you had 
supposed ; was that the fact ? 

‘“A. Partly. The chief difficulty in my mind was as to the vio- 
lence of the sonorous effect at the receiving end produced by the 
action of this current. I hadfeared that it might not be sufficiently 
audible for practical purposes; the discovery of June 2d consisted 
chiefly in this—that it was.” 

‘*Q. 325. And when you made that discovery, then you availed 
yourself of it by reorganizing your apparatus upon the plan shown 
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in firure 6 of your patent of March 7, 1876, as one result of the dis- 
covery, did you not?” 

‘A. Certainly; but I don’t think I did so immediately. The 
moment the discovery was made, the practicability of the speaking 
telephone ‘ devised’ by me in 1874 flashed upon me, and I instantly 
gave instructions to have the instrument made.” (But it was not 
made fora mouth). ‘* I was too much excited over this to attach 
more than secondary importance to multiple telegraphy at the time. 
I had already, as I have stated above, arrived theoretically at the 
arrangement shown in figure 6 and within the next few days after 
June 2d, and on that day I made experiments that demonstrated 
to my mind that the whole arrangement shown in figure 6 was 
practical. 

‘“Q. 326. When did you, for the first time, actually put together 
and experimentally operate a system substantially the same as that 
shown in figure 6 of said patent ? 

‘A. T cannot say precisely, but some:rhere in June or July, 1875, 
I think in Sune. 

“Q. 327. And when did you, for the first time, actually put to- 
gether and experimentally operate the combination of instrumentali- 
ties as shown in figure 5 of said patent drawing ? 

“AL June 2d, 1875. 

“(Q. 328. At the beginning of your experiment of June 2, 1875, 


you had already had in your possession previously constructed all 


the several instrumentalities shown in said figures 5 and 6, but had 
never combined them together as here shown if I understand you; 
am [ right? 

‘¢A. IT had never combined the instrumentalities in figures 5 and 
6 precisely as shown, but [ have no doubt that they were often 
previously combined in that way in my experiments unintention- 
ally. 

“ Q. 329. But until June 2d, 1875, without the discovery of any 
practical utility in so combining them ? 

‘A. The only utility 1 had in view in such experiments was 
their use as receivers for current-interrupting transmitters. ” 

‘*(. 330. How long prior to June 2d, 1875, had you had in your 
possession instruments substantially like the magneto receivers or 
the transmitters shown in figures 5 and 6?” 

‘A. The instrument shown in figures 1 and 3, pages 109-111 of 
my deposition, I had in November, 1875, as there stated. I con- 
sider them substantially the same for the purposes of this question, 
though there are some differences of construction which I can ex- 
plain if required. The instruments of figure 5 of the patent are 
improved forms of the same receiving instruments shown on pages 
109-111 of my deposition. [ should think that such instruments 
might be substituted for those shown in figures 5 and 6 of the patent, 
with substantially the same results.” 
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In his 340th answer Mr. Bell had stated that prior 
to June 2d, 1875, he was extremely doubtful whether 
the magneto-electric currents would be sufficiently 
strong to produce audible effects, either for the pur- 
pose of reproduction of articulate speech or for the 
purpose of multiple telegraphy. He had hoped that 
they might prove of sufficient force, but was unable to 
decide simply from the state of knowledge at the time, 
without practical experiments to test the point. In 
question 344, pp. 1679, 1680, he was asked : 


‘*Then, the doubt which you spoke of in your 540th answer was so 
strong and the hope so weak, that although the generation of undula- 
tory currents in acircuit by the inductive energy of the vibrating mag- 
net or plate in front of the pole of the electro-magnet suggested itself 
to your mind as early as July, 1874, and although for the purpose of 
reproducing articulate speech by electrical means it was of the 
greatest importance to determine whether electrical undulations so 
caused in the line would produce sonorous vibrations of the vibrat- 
ing reed or not; and although you had in your possession all the 
instrumentalities for the demonstration of the question; and _ al- 
though, having those instrumentalities, the experiment was an ex- 
ceedingly easy one to make, yet from July, 1874, to June 2d, 1875, 
you never made the experiment, nor attempted to make it, nor at- 
tempted to ascertain whether your doubt was well-founded or not, 
and the experiment of June 2d, 1875, which finally resolved your 
doubt, was an experiment relating to the multiple telegraph, in 
which the resolving of your doubt was purely an accidental matter; 
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am I correct ? 


In his answer Mr. Bell attempts in various ways to 
explain and account for the delay—among others, ex- 
pense and lack of time; and yet immediately afterwards 
in the succeeding questions he is obliged to confess 
that with the instruments he had, the expense would 
have been nothing and the time required inappreciable. 
His answer also does show that the solution of the 


problem of multiple telegraphy was regarded by those 


pecuniarily interested with him as of vastly greater im- 
portance, and that that problem was earnestly pressing 
upon the minds of himself and his partners interested. 

Now, taking the letters of June 2-28 (pp.1609 and 1613), 
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to Mr. Hubbard, and this testimony of Mr. Bell relative to 
the transactions of himself and Mr. Watson during the 
month of June and prior thereto, we submit that it is 
perfectly apparent that they were engaged upon experi- 
ments relative to the use of the magneto-electrie current 
for the purpose of multiple telegraphy, rather than for 
the purpose of the transmission of speech. The great dis- 
covery of June 2d was primarily to be applied, and 
was primarily applied, to the harmonic system; the 
trial of the membrane was ancillary and supplementary 
to the main idea. In this way we can explain the ‘up- 


parent neglect of the membrane transmitter after its 


unsuccessful trial; it was to be employed as a substi- 
tute for or modification of the tuned reed transmitter. 
This accounts for its use with the harmonic receiver 
and his failure to mention any other form of receiver. 
Mr. Bell may have conceived that with such a trans- 
mitter as he constructed he could convey speech; this 
was What he says he told Dr. Blake, in October, 1874, 
but he had relied upon the receivers which he then 
had ; when tested, they failed. In the letter of July 1, 
L875, he refers to an experiment alluded to in a conver- 
sation had with Mr. Hubbard, and says it promised to 
be agrand success. The membrane transmitter was 
tried with the harmonic receiver, it is presumed (for no 
new form is mentioned) and the “‘ varying pitch of the 
voice was plainly perceptible at the other end of the 
line.” No such result had before been obtained. 


Thereupon he announces : 


‘* When the vibrations are received upon another stretched mem- 
‘* brane in place of a steel spring, it is possible, nay, it is probable, 


‘‘ that the t/mbre of the sound will be perceived.” 


For the purpose of carrying into execution the design 
of a membrane receiver expressed in this letter, he, on 
the same day, July 1, 1875, instructed Mr. Watson to 
make a second membrane telephone, and it was com- 
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pleted a day or two later ; it is substantially the same as 
the first instrument. If we refer to Watson’s testimony 
as to the result of this trial of the two membrane instru- 
ments, we find that he simply says that he thinks the 
results were a slight improvement on what they had 
previously obtained (see page 1773, 15th answer); and 
Watson describes the results which had previously been 
obtained simply as “a faint sound” (Answer 13, page 
1777). The conclusion of Mr. Bell, that at this time 
he considered that he had solved the problem of trans- 
mitting speech, seems remarkable. His experiments 
had signally failed to approximate to such a result. 
Giving the utmost latitude to his own memory of his in- 
tellectual condition at, that time, it must be only that 
he had so much confidence in the method theretofore 
devised by him for the transmission of speech by means 
of a current created by the voice, that the mere fact of 
the magneto current proving strong enough to produce 
any audible result was sufficient to satisfy him that in- 
struments could be thereafter devised and constructed 
sufficiently delicate and accurate to carry into effect his’ 
pre-existing intellectual conception. In other words, it 
was a conviction upon his own mind that with the 
method of creating a current by the voice, he would be 
able to solve the problem of the electric conveyance of 
speech. He had not done it. The apparatus to 
carry into practical effect his device or conception 
remained to be invented. ' ‘This second membrane in- 
strument, as we have seen, was ordered July lst and 
finished a day or two thereafter. Precisely when during 
the month it was tried does not appear. His -experi- 
ment preceding that trial of the second membrane in- 
strument was made with a single membrane instrument 
as the transmitter, and with a reed only as the receiver. 
On the 7th of July, 1875, he wrote a letter to Mr. Hub- 
bard, found on page 1616 of the Record. ‘This letter 
speaks of the gratifying result obtained with the steel 
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reed, and describes the experiments therewith and then 
SAYS : 


‘‘ This seems to me to indicate more power than can possibly be 
‘due to magneto-electric currents generated by the vibration of the 
‘“reed. May nota pulsatory action be tnduced in the voltaic cur- 
‘‘ rent itself by the motion of the reed ? I can imagine the current 
‘‘ alternately weakened and strengthened according to the distance 
‘“of the armature from the pole underneath ; in this case the pul- 
‘‘sations would certainly be available for our purpose by merely 
‘* increasing the battery power sufficiently to overcome the resist- 
‘‘ ance of the line. Maeneto-electric currents are, however, evi- 
‘‘ dently present, for a sound is perceptible at the receiving end 


, 


‘* when the battery is omitted altogether.’ 


The letter contained a drawing of the instrument 
with which he had been experimenting, omitting the 
resistance introduced into the circuit ; the figure as 
shown in the letter is substantially identical with figure 
9 in his patent of March 7th, and the Court will note 
the idea suggested in this letter and stated in the pat- 
ent of a pulsatory undulatory action induced in the vol- 
taic current itself by the motion of the reed or arma- 
ture ; a notion the fallacy of which is shown equally 
by all the experts on the part of the defense and by 
Prof. Cross himself, the expert of the complainant. They 
all agree that the only function of the voltaic current 1s 
to magnetize the cores of the electro-magnets, and that 
it is absolutely without function so far as effecting work 
in the transmission of speech, or in the vibration of 
the diaphragm or reed of the receiver ; such work, 
such vibration being effected exclusively by the magne- 
to currents generated by the vibration of the armature 
in front of the poles of the magnet of the transmitter. 
It is apparent, too, that the arrangement thus suggest- 
ed in the letter, with the mode of operation suggested 
by the legends respectively under the transmitting 
and receiving instruments, is substantially the 
same as that described in the letter of June 28, 
omitting the resistance and the enclosing box, through 
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which a current of air was passed to vibrate the reed, 
the latter being set in motion by plucking or blowing 
with the bellows (see the letters on pages 1613 and 
1616 respectively). 

We have thus far absolutely nothing in writing de- 
scribing the experiments with two membrane instru- 
ments. The letter of July Ist, 1875, suggests what 
might be /oped from such experiment; the letter of 
July 7th, 1875, written apparently after making such 
experiments, is eloquently silent as to their result. 

The next thing which appears historically as to Mr. 
Bell’s invention, is his letter of August 14th, 1875, to 
Mr. Hubbard, which is as follows : 


‘© On glancing back over the line of electrical experiments I rec- 
ognize that the discovery of the magneto-electric current generated 
by the vibration of the armature of an electro-magnet in front of 
one of the poles, is the most important point yet reached. I be- 
lieve that it is the key to still greater things. The effects pro- 
duced, though slight in themselves, appear to me so great in pro- 
portion to their cause that I feel sure that the future will discover 
means of utilizing currents obtained in this way on actual telegraph 
lines. So important does it seem to me to protect the idea, that I 
think some steps should be taken immediately towards obtaining a 
caveat or patent for the wwe of a magineto-e ectric current, whether ob- 
tained in the way stated above (by the vibration of permanent magnets 
in front of electro-magnets), or tn any other way. 1 should wish to 
protect it specially as a means of transmitting simultaneously 
musical notes differing in intensity as well as in pitch. I can see 
clearly that the mayguneto-electric current will not only, permit of an 
actual copying of spoken utterance, but of the simultaneous trans- 
mission of any number of musical notes; hence messages without 
confusion. The more I think of it, the more I see that the method 
of making and breaking contact so many times per second is only 
the first stage inthe development of the idea. When we can create 
a pulsatory action of a current whichis the exact equivalent of the 
aerial impulses, we shall certainly obtain exactly similar results. 
Any number of sounds can travel through the same air without con- 
fusion, and any number should pass along the same wire. It should 
even be possible for a number of spoken messages to traverse the 
same circuit simultaneously, for an attentive ear can distinguish one 
voice from another, although a number are speaking together. 
Don’t you think it would be well to take out a caveat for the use 
of the magneto-electric current ? In its present undeveloped state, 
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it might be unwise to let Gray know anything about it, unless, in- 


deed, we could secure the principle of it in a patent.” 


The language of this letter militates greatly against 
Bell’s claim to having satisfactorily demonstrated in his 
own mind, by the the experiment with the two mem- 
brane instruments, the practicability of transmitting 
and reproducing speech by means of electricity, or the 
capacity of his device for accomplishing this result. It 
is certain that it could only have been a mental victory, 
for the material effort failed most signally—failed so 
completely that 1 was deemed unnecessary to record it 
asa part of the history of its progress. And in this 
very letter of August, 1875, he only makes mention of 
it as a possible application of the magneto-electric 
current. An analysis of the letter of August 14, 
1875, develops not the slightest evidence of even 
the mental assurance that his prophecies had 
been realized. His experiments led him to belzeve 
in the possibility. His experiments did not ex- 
tend beyond those of Bourseul and others, all of 
whom were satisfied that speech could be transmitted 
when the means should be devised for impressing, 
transmitting and reproducing acoustic vibrations. Mr. 
Bell professes, it 1s true, that a purticular medium— 
magielo-electric CUrrents “MUAY be adequate for the pur- 
pose, and that he is persuaded they will successfully 
accomplish the result ‘‘ when we can create a pulsatory 
“action of the current which is the exact equivalent of 
“ the aerial impulses.” Attention is called to the fact 
of the emphasis laid by Mr. Bell on the discovery of the 
magneto-electric current generated by the vibration of 
the armature. He, of course, does not mean any ab- 
stract discovery of the fact that such a current may be 
so generated, because that had long been common 
knowledge to himself and to others. The discovery to 
which he alludes, and which he says he made for him- 
self at least, was that such currents were strong enough 
to produce audible results at the receiver, not that such 
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currents could be generated. His hope is that the 
future will find means to utilize currents obtained in 
that way, and the thing which he proposes to protect 
by caveat or patent is the use of such a magneto-electric 
current, especially as a means for transmitting simul- 
taneously musical notes differing 7% intensity as well as 
pitch. ' 

In his 945th answer he says that the allusion in that 
letter to the method of making and _ breaking the con- 
tact so many times per second refers to his method of 
harmonic multiple telegraphy ; in which, prior to the 
discovery of June 2d, the transmitters had beén actu- 
ated by a circuit-breaker. 

Referring now to tliis letter of August 14, 1875, we 
submit to the Court whether it is the language of an 
inventor who had devised and used instruments which 
he knows or considers to be adequate for the accom- 
plishment of such results. Are they not rather the 
speculations of the philospher? When, says Bell, a 
pulsatory action of the current which is the exact 
equivalent of the aerial impulses is generated by the 
vibration of the armature of the electro-magnet in 
front of one of the poles “we shall certainly obtain 
exactly similar results.” Granted ; but how shall this 
be done? He had tried all of the devices which had 
occurred to him, and had failed. As an abstract prop- 
osition it may have been correct, but when he at- 
tempted, by the best means known or devised by him, 
to solve the problem and demonstrate the truth of his 
reasoning, he failed ; there was a flaw somewhere in his 
calculations when reduced to material form, which pro- 
duced a different result from that expected. It can be 
done, he says, when somebody discovers the means 
and corrects such errors as have occurred in my at- 
tempt at a demonstration. I am confident it can be 
done, though I know not as yet how to do it—is all 
that this letter expresses. Believing the discovery of 
the magneto-electric current generated by the vibration 
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of the armature of an electro-magnet in front of one of 
its poles to be the most important point yet reached, 
and ‘the key to still greater things,” he suggests that 
steps be at once taken to protect the idea by “ obtain- 
ing a caveat or patent for the use of a magneto-electric 
current, whether obtained in the way above stated (by 
the vibration of permanent magnets in front of electro- 
magnets), 07 7n any other way.” His expressed purpose 
was to include in such caveat or patent the use and ap- 
plication of the magneto-electric current, not for any 
specific object, but generally in order that others might 
not get ahead of him. 

We now propose to show that until a period subse- 
quent to the issue of his patent of March 7, 1876, Mr. 
Bell had not advanced one step in the invention of the 
means for transmitting articulate speech. The Court 
will note that up to this point his alleged discovery of 
the 2d. June, 1875, had been availed of directly and 
substantially exclusively for the perfection of his 
system of multiple telegraphy, and upon the theory 
that the magneto-currents generated in his devices for 


that purpose had been, by the discovery of June 2d, 


shown to be strong enough to produce audible results 
at the receiver. So far as the transmission of speech 
was concerned, his thoughts and devices had been 
limited exclusively to the method by which the mag- 
neto current should be actually generated by the action 
of the voice on the transmitting diaphragm. His 
casual thought of effecting a result by vibrating a wire 
through which a current was passed had been aban- 
doned ; his experiments for the’ purpose of utilizing 
for transmitting speech his conception of creating 
the magneto-electric currents by the action of the voice 
had been tried in the two membrane receiving instru- 
ments he had constructed and had resulted in com- 
plete failure. In other words, his experiments, so far 
as they availed of his discovery of June 2d in the 
line of multiple telegraphy, had proved moderate suc- 
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cesses; so far as they availed of the discovery in the 
line of transmission of speech, had proved a complete 
failure. 

In September, 1875, while in Canada spending his 
vacation, Mr. Bell applied to the Hon. George Brown 
of Toronto, for assistance in obtaining foreign patents, 
and met with encouragement, and so wrote Mr. Hub- 
bard, September 28, 1875, (page 1620 of record). 
These negotiations seem to have pertained to electrical 
inventions generally, and it is not stated that the mag- 
neto-electric principle was adverted to at that time. 
In the month of September, 1875, while in Canada, 
Mr. Bell began the rough draft of the specification 
which now forms part of his patent of March 7, 1876, 
and continued the same after his return home in 
October (see page 1621, ef seq). This specification was 
carefully prepared and seven detached sheets of notes 
are introduced. Mr. Bell says, in answer to the 111- 
112th interrogatories, that he made others, but after 
search has been unable to find any others than those 
produced. It is in keeping with the ideas expressed in 
the letter of August 14th, and was undoubtedly drawn 
with the purpose to cover the use of the magneto- 


electric current, however generated. On sheet 1 (see 
page 1621) it is stated: 


‘* My present invention consists in the employment of a vibratory 
or undulatory current of electricity in place of a merely intermit- 
tent one; and of @ method and apparatus for producing electrical 
undulations upon a line wire.” 


é 


On the other side of the same sheet the page begins: 


‘* By inducing undulations in (upon) a continuous voltaic circuit 
by the motion of bodies capable of affecting a current, such as the 
armature of an electro-magnet, a permanent magnet, or a body 
through which a continuous current of electricity is passed.” 


The Court will note that that statement is in pur- 
suance of the same erroneous notion set forth in his 
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of the armature of an electro-magnet in front of one of 
its poles to be the most important point yet reached, 
and “the key to still greater things,” he suggests that 
steps be at once taken to protect the idea by “ obtain- 
ing a caveat or patent for the use of a magneto-electric 
current, whether obtained in the way above stated (by 
the vibration of permanent magnets in front of electro- 
magnets), 07 72 any other way.” His expressed purpose 
was to include in such caveat or patent the use and ap- 
plication of the magneto-electric current, not for any 
specific object, but generally in order that others might 
not get ahead of him. 

We now propose to show that until a period subse- 
quent to the issue of his patent of March 7, 1876, Mr. 
Bell had not advanced one step in the invention of the 
means for transmitting articulate speech. The Court 
will note that up to this point his alleged discovery of 
the 2d. June, 1875, had been availed of directly and 
substantially exclusively for the perfection of his 


system of multiple telegraphy, and upon the theory 
that the magneto-currents generated in his devices for 
that purpose had been, by the discovery of June 2d, 
shown to be strong enough to produce audible results 
at the receiver. So far as the transmission of speech 


was concerned, his thoughts and devices had been 
limited exclusively to the method by which the mag- 
neto current should be actually generated by the action 
of the voice on the transmitting diaphragm. His 
casual thought of effecting a result by vibrating a wire 
through which a current was passed had been aban- 
doned ; his experiments for the’ purpose of utilizing 
for transmitting speech his conception of creating 
the magneto-electric currents by the action of the voice 
had been tried in the two membrane receiving instru- 
ments he had constructed and had resulted in com- 
plete failure. In other words, his experiments, so far 
as they availed of his discovery of June 2d in the 
line of multiple telegraphy, had proved moderate suc- 


cesses; so far as they availed of the discovery in the 
line of transmission of speech, had proved a complete 
failure. 

In September, 1875, while in Canada spending his 
vacation, Mr. Bell applied to the Hon. George Brown 
of Toronto, for assistance in obtaining foreign patents, 
and met with encouragement, and so wrote Mr. Hub- 
bard, September 28, 1875, (page 1620 of record). 
These negotiations seem to have pertained to electrical 
inventions generally, and it is not stated that the mag- 
neto-electric principle was adverted to at that time. 
In the month of September, 1875, while in Canada, 
Mr. Bell began the rough draft of the specification 
which now forms part of his patent of March 7, 1876, 
and continued the same after his return home in 
October (see page 1621, ef seq). This specification was 
carefully prepared and seven detached sheets of notes 
are introduced. Mr. Bell says, in answer to the 111- 
112th interrogatories, that he made others, but after 
search has been unable to find any others than those 


produced. It is in keeping with the ideas expressed in 
the letter of August 14th, and was undoubtedly drawn 
with the purpose to cover the use of the magneto- 
electric current, however generated. On sheet 1 (see 


page 1621) it is stated: 


‘‘ My present invention consists in the employment of a vibratory 
or undulatory current of electricity in place of a merely intermit- 
tent one; and of @ method and apparatus for producing electrical 
undulations upon a line wire.” 


On the other side of the same sheet the page begins: 


‘* By inducing undulations in (upon) a continuous voltaic circuit 
by the motion of bodies capable of affecting a current, such as the 
armature of an electro-magnet, a permanent magnet, or a body 
through which a continuous current of electricity is passed.” 


The Court will note that that statement is in pur- 
suance of the same erroneous notion set forth in his 
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letter to Mr. Hubbard of July 7th, that the vibration of 
the armature in some way induces undulations in the 
voltaic current itself; whereas, as is abundantly shown 
in the proofs, no such effect is produced upon the vol- 
taic current, which has no other function than that of 
magnetizing the cores in the electro-magnets. That 
sheet is accompanied by a drawing substantially like 
A, figure 5, of the patent of March 7, 1876. On sheet 2 


is written : 


‘‘TIt has long been known that when a permanent magnet is 
caused to approach the pole of an electro-magnet, a current of elec- 
tricity is induced in the coils of the latter, and that when it is made 
to recede, a current of electricity of opposite polarity to the first 
appears upon the wire. When, therefore, a permanent magnet is 
caused to vibrate in front of the pole of an electro-magnet, an undu- 
latory current of electricity is induced in the coils of the electro- 
magnet, the undulations of which correspond in number per second 
to the vibrations of the magnet in polarity to the direction of mo- 
tion of the permanent magnet and in intensity to the amplitude of 
the vibrations of the permanent magnet.” 


And on the same side of the same sheet there were 
written three claims: the first is substantially the same 
as the first claim in his patent of March 7, 1876; the 


second is in these words: 


‘* The method of inducing (impressing) undulations in a contin- 
uous voltaic current by the vibration or motion of bodies capable of 
affecting the current, whether such bodies be permanent magnets 
or armatures of electro-magnets, or bodies through which a contin- 
uous current of electricity is passing.” 


The third is in these words: 


‘<The phonautograph whereby two or more vocal or other 
sounds differing in pitch, loudness and t/mbre can be transmitted 


singly or simultaneously along a single wire, by causing electrical 
undulations upon the wire similar in form to the aerial vibrations 


accompanying such vocal or other sounds.” 
On sheet 3 there is the statement : 


‘‘4. The method of producing an undulatory current by the 
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vibration of a body through which a continuous current of elec. 
is passed.” 


On the other side of the same sheet, as follows : 


‘6. The method of and apparatus for transmitting simultane- 
ously sounds differing in timbre as well as in pitch and in loudness. 
7. The method of and apparatus for transmitting vocal utterances 
telegraphically, substantially as herein set forth.” 


On sheet 2 is written the following : 


‘* Tn illustration of the method of creating a vibrat. current of 
elec., I shall show and describe one form of apparatus de- 
signed to produce undulations in a continuous voltaic current. But I 
wish to state here that the same effect may be produced in many 
other ways, all that is necessary being to influence the current by 
the vibration or motion of bodies capable of affecting the current.” 


On sheet 4 under the head of - Claims 9 three claims 
>] b 
are mace as follows ; 


‘* Firsr. In a system of telegraphy in which the receiver is set 
in vibration by the passage of the electric current, the employment 
of vibratory or undulatory currents of electricity, as distinct from 
merely intermittent currents. 

‘*Szoonp. The methedof impressing (inducing )‘undulations upon 
a continuous voltaic current, by the vibration or motion of bodies 
capable of affecting the current, whether such bodies be permanent 
magnets, armatures of electro-magnets, or bodies through which a 
continuous current of electricity is passing. 

‘*Tairp. The phono-telegraph, whereby the exact pitch, loud- 
ness and timbre of vocal or other sounds can be transmitted tele- 
graphically, by causing the body 4y whose motion undulations are tn- 
duced upon the line wire to copy exactly the aerial vibrations ac- 
companying said vocal or other sounds, and hence to induce 
upon the line wire electrical undulations similar in form to those 
occurring in the air.” 


Several things may be noted in relation to these 
sheets. First, the method, which may be supposed to 
refer to the transmission of speech, is clearly and 
definitely described in the same way as heretofore de- 
scribed by Mr. Bell as the method wherein the mag- 
neto current is caused or created by the voice acting 
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on the diaphragm. In the first set of claims it 1s ex- 
pressed as the “ method of inducing or impressing un- 
dulations.” In the second set of claims practically the 
same words are used. Jn the third, in which set of 
claims is a claim to the instrument itself, if the instru- 
ments referred to be membrane instruments designed 
for use in pairs, as in the experiments tried on or after 
the first of July, then the claim refers to an instrument 
which acts upon the method or mode of operation de- 
scribed in the second claim—by impressing undulations 
upon a voltaic circuit by means of the diaphragm or 
reeds in front of the poles of electro-magnets and 
thereby creating electro-magnetic currents. Second, that 
taking into consideration all that Mr. Bell had accom- 
plished, the conclusion is inevitable that in these draft 
specifications and claims he exceeded the legal limits 
of his invention. Under general language he inter- 
poses the several ideal or “ devised ” inventions, which, 
so far as his knowledge was concerned, had not been 
made. He had perhaps prophesied that these things 
could be done by the employment of magneto-electric 
eurrents ; he had speculated as to the possibility of 
doing these things, but when he attempted to give form 
and substance to his theories, to solve the problem 
which his fancy had created, he met with no success 
whatever. With the exception of the “harp instru- 
ment,” which was never constructed, he had tried every 
form of instrument yet devised by him for the trans- 
mission and reproduction of speech, but had never 
succeeded in accomplishing that object. 

What, then, had he invented? <A theory which he 
could not at that time either utilize himself or instruct 
others how to use. His predictions afterwards proved 
to be correct, but at the time he was powerless either 
to demonstrate the correctness of his theory or offer its 
benefits to the public ; for he had accomplished surely 
no more, and indeed we submit, far less toward the 
realization of his dream than had Boursell and Reis 


and others. Reis had transmitted words and sen- 
tences ; Reis had certainly transmitted many musical 
sounds. Bell had failed to transmit anything beyond 
“a faint sound.” In order, however, that others might 
not occupy this portion of the domain of invention, he 
proposed to obtain a patent, and starts drawing his 
specification and claims in order to secure that patent 
that he might shut out the field of invention to his 
competitors and leave to him alone the task of practically 
inventing the instruments which he had prophesied, or 
which he thought might be invented. 

In December, 1875, Mr. Bell made a drawing for Mr. 
George Brown. The drawing is referred to in Mr. 
Bell’s testimony on pages 1625 and 1626. The drawing 
itself, by accident, is not found in the Molecular Record, 
but is found in the Drawbaugh Record, Volune I[V., 
Complainant’s Exhibits, between pages 30 and 31. The 
drawing, though roughly executed, bears a most strik- 
ing resemblance to the drawings annexed to the patent. | 
There are three figures corresponding to figures 5, 6 
and 7, and underneath each is written a legend. The 
sketch at the top of the sheet shows arrangements of 
battery and instrument, as in figure 6, and is thus de- 
scribed : 

‘* Present form of multiple telegraph. One main battery, clesed 


circuit. communication in both directions without induction coil. 
Patent not yet applied for.” 


The sketch in the lower left-hand corner coincides 
with figure 5, and the first figure with the letter of July 
7, 1875, and is thus referred to : 


’ 


‘* Discovery that led to the above form of the multiple telegraph.” 


This undoubtedly refers to the accidental discovery 
of June 2d, 1875, before referred to. ‘The remaining 


figure represents figure 7, with the following legend 


underneath : 


‘‘ First attempt to transmit the human voice. The varying 
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pitch of the voice could be discriminated, but not the quality. A 
sort of muttering effect was perceived at the receiving end when a 
person talked very loudly at the other end.” 


This, then, is the instrument whereon the fifth claim 
of his patent of March 7, 1876, is founded. The pitch 
of the voice must have been indicated by the “ mutter- 
ing effect,” as quality was entirely absent. Only the 
two instruments described by Bell as being constructed 
with membranes had been constructed or tried. Mr. 
Bell had heard nothing—Watson merely a faint sound 
—and the only evidence respecting the pitch being 


reproduced is when the membrane transmitter and the 


harmonic, or reed receiver, were used together, as men- 
tioned in the letter of July 1, 1875, and prior to the 
construction of the second membrane instrument, and, 
consequently, prior to the time when the membrane 
was used as a receiver. A slight difference is noticed 
between the instruments made in June and July, 1875, 
and shown in exhibits, and those illustrated in the 
sketch and patents. ‘The frames, straining devices for 
the membranes, the superior method of hinging the 
reed, and the means for adjusting the electro-magnets, 
are omitted in the sketch and patent. In place of 
short tubes, cones with diverging sides for the trans- 
mitter and converging sides for the receiver are substi- 
tuted. From these drafts the specification was pre- 
pared for Mr. Hubbard to take to Washington, and 
after examination by Mr. Bell’s patent solicitor (see 
page 1624), Mr. Hubbard went to Washington with it, 
and on the morning of January 18, 1876, Mr. Bell re- 
ceived from Mr. Hubbard a letter which he has lost, but 
the contentents of which he remembers by reference to 
a letter which he wrote January 18 to Mr. Hubbard’s 
daughter, in which the following passage occurs : 

‘*T received a nice letter from your father this morning, in 
which he says how well pleased he is with the new specification, 
and that it promises to be of great value, ¢f J prosecute my researches 
diligentiy—if not, others may supplant me. He says: ‘ I have been 
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over your specification with Mr. Pollock; he is very much pleased 
with it, and says he does not think it will require any alteration’ ”’ 
(see p. 1624). 


On the 19th or 20th of January Mr. Bell received 
from Mr. Pollock a letter in these terms : 


‘* Herewith find applic. papers, etc., for your new improve- 
ments in telegraphy. We have left blanks for title of invention in 
the oath, which you can fill in. Please execute the papers as indi- 
cated in pencil, and return them to me. Very truly yours” 
1624-5) 


(see p. 


The specification was verified on the 20th January, 
1876, and was filed in the Patent Office February 14, 
1876, and the patent issued March 7, 1876. 

The delay in the verification and the filing, Mr. Bell 
says, was caused by waiting for Mr. Brown to proceed 
in England in taking out a patent; but finally the ap- 
plication was filed without waiting. On the 19th Feb- 
ruary, five days after the filing of his application, Mr. 
Bell was notified that there was on file a caveat which 
conflicted with his first, fourth and fifth claims, and 
that his application was suspended to await the com- 
pletion of the caveat application. This appears to have 
been the first intimation of a competitor that Mr. Bell 
received, although in his letter of August 14, 1875, 
wherein he suggested the advisability of taking out a 
patent or caveat for the use of the magneto-elec- 
tric current, he says: “In its present undeveloped 
state it might be unwise to let Gray” (with whom he 
was then in interference on the multiple harmonic sys- 


tem) “know anything about it, unless, indeed, we could 


secure the principle of it in a patent.” He evidently 
suspected that Gray might be at work on the applica- 
tion of the principle there referred to, as the paragraph 
referred not alone to the transmission of the vocal 
sounds, which is described as a possible application of 
the magneto-electric current, but to the principle un- 
derlying all this application as contained in the patent 


under consideration. The caveat referred to was that 
filed by Gray, February 14, 1876, the same day Bell’s 
application was filed. It was subsequently determined 
by the Commissioners that the caveator was not entitled 
to notice under the statute, and the letter of suspension 
to Bell was withdrawn and the patent granted. 

We would here call the attention of the Court to a 
point much commented on by counsel for the complain- 
ant in relation to Gray’s claim for priority. It is said 
that Gray in a letter affirmatively and distinctly dis- 
‘laimed priority of invention of the speaking telephone. 
The letter is found in our record, page 1105; it is dated 
March 5, 1877, is written to Prof. Bell, and the part of 
it commented on is in these words : 

‘‘Of course you have had no means of knowing what I have 
done in the matter of transmitting vocal sounds. When, however, 
you see the specification you will see that the fundamental princi- 
ples are contained therein. I do not, however, claim even the 
credit of inventing it, as I do not believe a mere description of an 
idea that has never been reduced to practice, in the strict sense of 
the phrase, should be dignified with the name ‘invention. 
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Gray’s disclaimer must be taken in connection with 
his definition of the word ‘‘ invention.” If now we look 
at his caveat, and compare what he described with what 
Bell has described, we submit that Mr. Gray had gone 
much further in the way of clearly discovering and an- 
nouncing the principles of the modern telephone than 
had Mr. Bell. 

The caveat will be found on page 1989, with the 
drawing annexed; it shows what is now commonly 
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ealled a “variable resistance telephone, with a 
liquid transmitter; the principles upon which it 
operates are clearly expressed, and the object is in 
plain terms stated to be “the enabling persons to talk 
at a distance the same. as if they were personally 
present.” This invention of Mr. Gray thus clearly 
expressed, with the drawing showing the way in which 
it was worked, was not regarded by him as deserving 
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the name of invention, because it had not been reduced to 
practice, which he supposed was necessary to consti- 
tute an invention, and he had not, as yet, tried it so as 
to show that it was a definitely operative instrument. 
How strong the contrast between the views entertained 
by Mr. Gray as to what was an invention and those en- 
tertained by Mr. Bell, who desired to patent the use of 
a magneto-electric current the moment he had acci- 
dentally discovered that it was capable of so operating 
as to produce an audible result at the receiver! 

Bearing now in mind that between July and the date of 
his patent, Mr. Bell had made no experiments, we would 
‘all attention to what he did immediately subsequent 
to his patent. In answer to the 132d Interrogatory he 
says that after the grant of that patent he continued 
his study and experiments on the subject of trans- 
mitting articulate speech or other sounds, for the pur- 
pose of introducing his invention into public use. It 
would thus seem that, according to his own views at 
that time, it was not yet fit for introduction into 
public use. Undoubtedly continued experiments and 
study were necessary, Inasmuch as he had only so far 
deseribed and invented an instrument, or, as Mr. Bell 
calls it himself, ‘‘an electrical diagram” which experi- 
ence taught him was, for some reason at that time not 
understood, inadequate for the purpose (page 1695, 
question 395). 

In his preliminary statement in the interference cases 
Mr. Bell tells us the result of one of the earliest of his 
subsequent experiments. In it (Record, page 2083) he 
Says: 

‘*T ought tostate that [did not, before the filing of my application, con- 
struct the devices described in my specification for varying the resistance of 
the voltaic circuit as means for producing an undulatory current. Iwas 
in Washington the first two days in March, and immediately on my 
return I constructed an apparatus having a wire attached to a 
stretched membrane, dipping into a vessel containing water, form- 
ing part of a circuit, the resistance of the circuit being varied by the 
vibration of the membrane, which caused the wire to dip more or 
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less deeply into the liquid. On the 10th of March Mr. Watson and 
myself tried this apparatus as a transmitter, using the steel spring 
armature depicted in my patent as a receiver, and obtained intelli- 
gible articulation. I exhibited an instrument constructed in this 
way at the Centennial Exhibition in June, 1876, before Sir William 
Thompson and other judges of his department.” 


It is not easy to see that anything in this description 
is lacking to correctly and completely describe the de- 


vice described in Gray’s caveat above referred to. It 
will be noted that this is the first time when Mr. Bell 
pretends to have obtained “intelligible articulation,” 
and this is three days after the issue of his patent, and 
with a Gray transmitter and a Bell multiple telegraph 
receiver, or Fig. 5 and 6 receiver, and without any part of 
Fig. 7 of his patent. Mr. Watson (p. 1853) testifies 
that prior to March 10, 1876, he had no recollection of 
ever having heard more than a sound through the tele- 
phone—that is, the sound of Mr. Bell’s voice. In an- 
swer to question 146 (p. 1854), he says that he has no 
recollection of having understood anything that was 
said through the telephone prior to March 10, 1876. 
On pages 1854 1855, by the aid of a diagram there 
shown, he describes the water transmitter through 
which on the 10th of March he first heard intelligible 
articulation. By the language of his preliminary state- 
ment one would infer that Mr. Bell meant it to be un- 
derstood that his patent of March 7, 1876, had described 
devices for varying the resistance of a voltaic circuit as 
means for producing an undulatory current, with refer- 
ence to figure 7, and for the purpose of creating elec- 
trical undulations on the line wire which should cor- 
respond in their form with the aerial vibrations 
which caused the vibration of the membrane. 
An inspection of the patent will show _ that 
there is not the faintest suggestion anywhere through 
it of any other device for producing the results ascribed 
to figure 7; nor is there a suggestion that the results 
could be produced in any of the 
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ascribed to figure 
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ways suggested in the specification other than in that 
shown by the device of figure 7; nor had Mr. Bell’s 
previous studies or experiments shown or tended to 
show that at any time prior to the issue of the patent 
of March 7, 1876, he had conceived, disclosed, experi- 
mented upon, tested or contemplated so doing, any form 
or system of articulating telephone other than the mag- 
neto as disclosed in figure 7 of his patent, with the 
single possible exception of the abandoned and dis- 
carded idea of the vibrating wire. 

sy the language of the preliminary statement, 
page 2083, it appears that the imstrument and 
experiment there referred to consisted of a reed 
receiver; but Bell’s testimony and the history of 
his previous experiments show that it was upon a 
membrane receiver that he had relied for producing 
audible effects. The tact, however, seems to be that 
the use of such membrane receiver had been of so little 
practical or suggested value to him that when he tried 
this water transmitter and obtained from it intelligible 
articulation for the first time, it was in connection with 
and by means of a simple reed receiver. On page 1851, 
answer 125, Mr. Watson describes the receiver used 
on the oceasion of the experiment on March 10, 1876. 
He says, in one room an instrument similar to Exhibit 
29—Centennial Liquid Transmitter was connected to 
this wire, and at the other end was what is known as a 
harmonic receiver, which is another phrase for multiple 
telegraph receiver. In the next answer he describes the 
harmonic receiver in detail. It consisted of an L-shaped 
piece of iron the legs of which were about two inches 


long, having on one end the coil and core of an electro- 
magnet and clamped to the other a piece of steel clock 
spring which projected over and near to the end of the 
coil; and he adds that the instrument was precisely 
similar to the instrument shown at the end of the cir- 
cuit in figure 5 of Bell’s patent of March 7, 1876, with 


the exception that the figure referred to was not 
mounted on a base. 

The question is, then, when did the idea of this liquid 
transmitter originate ? No substantial or tangible trace 
of such an instrument is to be found in the patent. The 
fact that the movement of an electrode in a liquid of 
relatively high resistance would vary the current pass- 
ing over the line, as stated in the patent, was well 
known in the art. It seems perfectly evident from the 
testimony and surrounding circumstances that if the 
idea and development of a water telephone was original 
with Bell at all it was conceived at some period between 
the 14th of February and the 10th of May, 1876, and 
after being made aware of Gray’s caveat, and that it 
referred to the vibrating of a wire in water. 

When Mr. Bell was notified of his application being 
suspended on account of an interfering caveat he came 
to Washington to inquire into the matter. He says 
that he was not allowed to see the caveat, but was given 
to understand that it related tothe vibration of a wire in 
a liquid for executing or carrying out the invention de- 
scribed in his fifth claim (see ». 1653). Subsequent 
to that the experiments of March 10th were made. On 
the 10th of May, 1876, in a paper read before the Ameri- 
can Academy of Arts and Sciences (see page 1729), Mr. 

sell described the liquid transmitter. The receiver is 
not there described. Subsequent to his experiment with 
the liquid transmitter, on the 10th of March, Mr. Bell 
modified his magneto instrument by disconnecting the 
diaphragm from the magnet, and by gluing a piece of 
clock spring about the size and shape of his thumb-nail 
to the centre of the diaphragm (see page 1637, Answer 
180). The statement of this experiment is much more 
detailed in cross-examination (pages 1723-24 et Séq.). 
Mr. Bell’s attention is there called to an extract from his 
London lecture, in which he had stated what he had 
presumed would be the effect of speaking into a device 
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substantially like that of figure 7 in the patent, and in 
which he added : 


‘‘ The results, however, were unsatisfactory and discouraging. 
My friend, Mr. Thomas R. Watson, who assisted me, in his first 
experiment declared that he heard a faint sound proceed from the 
telephone at his end of the circuit ; but I was unable to verify his 
assertion. After many experiments attended by the same only 
partially suceessful results, I determined to reduce the size and 
weight of the spring as much as possible. For this purpose I glued 
a piece of clock spring, about the size and shape of my thumb nail, 
firmly to the center of the diaphragm, and added (had) a similar 
instrument at the other end. We were then enabled to obtain 
distinctly audible effects.” 


Mr. Watson, in the extracted testimony, was then 
asked whether the instrument there referred to by Mr. 
Bell in the London lecture, as having a piece of clock 
spring glued to the diaphragm, was not the same 
instrument to which Mr. Watson had referred in his 
testimony as having been made in March or April, 
1876, and at least after March 10th, and through which 
for the first time they had understood words transmitted 
through a magneto transmitter, and had answered that 
he did not actually know, but was inclined to think so. 
Mr. Bell being askéd whether his recollection agrees 
with Mr. Watson, replied that it did (Questions 472 
473, pages 1722-1724). 

Thus we have seen that up to the date of lis 
patent Mr. Bell had invented a magneto-electric ma- 
chine for the transmission of sound. He had not in- 
vented or deseribed any other process than the one 
denominated the magneto-electric. He had had in his 
mind the use of this magneto-electric machine for the 
transmission of speech and had failed to make any 
effort practically to put the same in shape or use be- 
‘cause of the conviction remaining in his mind that the 
magneto-electric current would be too feeble for prac- 
tical use. The experiment of June 2d, 1875, had, to a 
more or less extent, disabused his mind of that notion 
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and he had thereafter set to himself the task of invent- 
ing a machine or apparatus which might carry into 


effect the properties which he now supposed to exist 
in the magneto current. The Court will see that this 
problem was sufficiently difficult ; it was essential to 
construct a device which should take up all the vibra- 
tions of the air produced by the act of speaking, and 
which should transmute the same into electrical action, 
so as in turn to affect a diaphragm at the recelving end : 
at least, it was required that the device should trans- 
mit enough of the air vibrations taken up by the 
transmitter to produce the practical result at the re- 
ceiver. Various difficulties were in the way; among 
others was one which he seems to have appreciated, to 
wit: the difficulty of preventing the transmitter from 
transmitting its own vibrations, or vibrations caused or 
flowing from its own normal rate of vibration, while at 
the same time he compelled it to take up and trans- 
mit the forced vibrations given to it by the air. Up 
to the date of his patent, as we have seen, he had com- 
pletely failed to do this thing. Not only that, but he 
himself and his witnesses state that the drawing, figure 
7 in the patent, was not intended to show or illustrate 
a concrete practical machine or device, but that it was 
simply an electrical diagram to represent the method 
of electrical action. 

If that be true it shows two things. First, that the 
method referred to by him and in his mind was not the 
broad method now claimed in the terms of the fifth 
claim without reference to the specification, that is, 
transmitting by causing electrical undulations similar 
in form to that of the aerial undulations which caused 
them; but, on the contrary, is the method of producing 
electrical undulations by the magneto-electrie device 
suggested by him and wherein the magneto current is 
the creature of and caused by the voice which speaks 
or utters itself to it, and in which, consequently, 
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script of the vibrations caused by the voice. Second, 
That the patent shows no apparatus or means or way 
for carrying the method into effect, because Fig. 7 can- 
not be reduced to a mere electrical diagram in order to 
escape its insufficiencies as a machine, and at the same 
time be regarded as a machine shown to carry the 
method into effect. 

Following the example of the Examiner in Interfer- 
ences, let us now, and substantially in the words of 
such Examiner, examine Mr. Bell’s patent of March 7, 
1876, as a part of the history of his invention, and 
treating it as documentary evidence. As appears from 
Mr. Bell’s letter of August 14, 1875, to Mr. Hubbard, 
and from other evidence in the case, Mr. Bell’s design 
and purpose in filing this application were to secure a 
patent for the use of the magneto-electric current how- 
ever obtained and applied. He desired in its undevel- 
oped condition to secure the principle, lest others 
should precede him. Pursuing this idea, a specifica- 
tion was drafted and negotiations entered into for ob- 
taining foreign patents as well as American. This 
specification was prepared to cover the principle of the 
use of the magneto-electric current in telegraphy, and 
with that end in view every effort was made to express 
all conceivable ways of generating and applying that 
power. Possible and probable applications were sought 
to be obtained ; if the principle could be secured in a 
patent all applications thereof would be subservient ; 
and this he well knew. That the scheme was regarded 
as more or less visionary is indicated by the letter to 
Mr. Hubbard of January 18, 1876, after the specifica- 
tion had been prepared. ‘ It promises to be of great 
“ value ¢f [ prosecute my researches diligently ; if not, 
others may supplant me”—is Bells interpretation of 
Hubbard’s warning. Looking at the patent not as a 
grant, but as a part of these transactions, we find it 
strictly in accordance with the views above expressed. 
The pulsatory current mentioned in the letters of July 
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7 and August 14, becomes in the specification “ vibra- 
tory or undulatory.” Its characteristics are pointed 
out at length, and the advantazes to be gained over the 
intermittent current which he had previously made use 
of set forth. ‘The invention is denominated : 

“An improvement in Telegraphy,’ and is said to 
consist “in the employment of a vibratory or undula- 
tory current of electricity in contradistinction to a 
merely intermittent or pulsatory current, and of a 
method of, and apparatus for producing undulations upon 
the line wire.” 

The use of the magneto-electric current, whether ob- 
tained by the vibration of permanent magnets in front 
of electro-magnets or in any other way, constituting 
the ‘‘ principle” to be secured, as mentioned in the let- 
ter of August 14, is now presented as the employment 
of “a vibratory or undulatory current,” and the 
method or apparatus are only such as have been tested 
and heretofore described. While the principle or mode 
of operation is enlarged upon and minutely described, 
not a single feature of the apparatus for carrying it out 
is changed. The instruments referred to and _ illus- 
trated in the letter of July 7th are described as typi- 
fying the inventions; and that is the improvement in tel- 
egraphy which consists in the employment of undula- 
tory, as contradistinguished from intermittent, currents. 
Two or more electro-magnets, with tuned reeds for ar- 
matures, are placed in a circuit with a battery. When 
one or more of the reeds are set in motion “ by the 
wind ” (referred to in letter of June 28) or otherwise, 
the reeds normally in unison therewith will respond. 
As an alternative mode for imparting motion to the ar- 
mature, he describes the membrane instruments made 
in June and July; the tuned reeds he had tested and 
found to produce perceptible results ; the membrane 
apparatus he had tried with the most imperfect and 
equivocal results. Both were based upon the same 


principle, hence both were expected to produce similar 
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results; in theory they were operative, in practice inop- 
erative. The reeds of the transmitter when set in mo- 
tion produced musical notes ; the same vibrations were 
supposed to induce corresponding undulatory currents ; 
these currents operating upon the reeds of the re- 
ceiver, having the same normal rate of vibra- 
tion as the transmitter, set them in_ motion, 
and the same notes were produced at the 
other end of the line. This was the only de- 
monstration of the principle that he had concluded. 
It was designed for telegraphic purposes and consti- 
tutes the only mode of applying the principle disclosed 
or referred to as such in his specification. Having 
succeeded in this, he attempted to adapt the same 
principle to the transmission of speech. If the vibra- 
tions of the reeds were transformed into undulatory 
currents which were capable of producing the same tone 
at a distance, why should not the aerial vibrations be 
transformed into undulatory currents and be repro- 
duced at the receiving instrument? For the purpose 
of testing this application of the principle he constructed 
in June, 1875, his membrane transmitter designed to 
produce undulatory currents corresponding to the aerial 
vibrations. It was connected in cireuit with the har- 
monic or reed receiver, and not with the membrane 
receiver, and at that time he had not constructed any 
membrane receiver. Upon trying this membrane 
transmitter and reed receiver they failed to accomplish 
the result. After experimenting further with the reed 
instruments results were obtained which induced him 
to construct another membrane instrument for use with 
the first. This, however, was not done until a month 
had elapsed from the trial of the first experiment. 
With this instrument—that is, the membrane trans- 
mitter and a membrane receiver—slightly improved 
results were obtained—that is to say,a sound was 
heard; but the object of the experiment—the trans- 
mission and reproduction of speech—was not even 
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imperfectly obtained. The legend written upon the 
Toronto drawing about the time this specification was 
drafted proves beyond question the failure of this ex- 
periment. As applied to this specification it shows 
that the principle had to a certain extent been carried 
out by the membrane instrument-—that the armature 
could be set in motion by the voice, and undulatory 
currents be produced thereby which would affect a 
receiver ; but the fibre, the essential characteristic of 
speech, had not been reproduced. Lest others might 
get ahead of him and make available this mode of 
vibrating the armature for producing undulatory cur- 
rents, he set it forth as an alternative method for that 
already described and failed to insert in the specifi- 
‘ation the many statements which were included 
in the drafts first prepared by him, which distinctly 
and emphatically and in terms refer to the production 
of articulate speech. 

If, therefore, we examine that portion of the specifi- 
cation having reference to the membrane instrument in 
connection with the description which precedes it and 
the results actually obtained by Bell in his experi- 
ments, the true meaning will be apparent. The inven- 
tion being an improvement in telegraphy consists In 
the employment of vibratory or undulatory currents of 
electricity. But one form of apparatus is referred to as 
illustrating this invention. 


‘* In illustration of the method of creating electrical undulations, 
I shall show and describe one form of apparatus for producing the 
effect.” 


Then follows the description of the tuned reed ap- 
paratus, and it is stated that “the armature (reed) C 
can be set in vibration in a variety of ways, one of 
which is by wind, and in vibrating it produces a musi- 
val tone of a certain definite pitch.” The undulatory 
current produced by this vibration passes through the 


coil of the receiving instrument and causes its reed or 
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armature to vibrate ‘when the armatures of the two 
‘instruments are normally in unison with one another, 
“ but the armature (of the receiver) is unaffected by the 
“ passage of the undulatory current when the pitches 
“ of the two instruments are different.” He then pro- 
ceeds to describe the multiple-telegraph arrangements 
of such instruments, each receiver to respond to its par- 


ticular transmitter and to no other. 


‘* The duration of the sound may be used to indicate the dot and 
dash of the Morse alphabet, and thus a telegraphic despatch may 
be indicated by alternately interrupting and renewing the sound ;” 
and the same is applicable to the multiple arrangement. ‘‘ I desire 
here to remark that there are other uses to which this instrument 
may be put, such as the simultaneous transmission of musical 
notes differing in loudness as well as in pitch, and the telegraphic 
transmission of noises or sounds of any kind.” 


As to loudness and pitch he has reference to the 
difference in the amplitude of motion given to the 
reeds and their normal rate of vibration; but with 
respect to “ noises or sounds of any kind” the record 
affords no evidence. 

The Court will note that the passage above quoted 
precedes any reference whatever to figure 7. Figure 5 
of the drawing illustates the reed and figure 7 the mem- 
brane instruments. 


’ 


‘*One of the ways in which the armature C, 
set in vibration has been stated above to be by wind; another mode 


figure 5, may be 


is shown in figures 7 whereby motion can be imparted to the arma- 
ture by the human voice or by means of a musical instrument.” 


He does not state this as another application of the 
principle of magneto-electric or undulatory currents, 
nor as another effect or result to be obtained through 
the use of the undulatory currents, but another mode of 
vibrating the armature as a substitute for wind and for 
the same purpose. It is an alte:native method of 
vibrating the armature and not a new or different appli- 
cation of the principle. 
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In looking at the drawings, the Court will see that 
figure 7 is substantially identical with figure 5 with a 
membrane fastened to the free end of the vibrating 
reed of figure 5. Looking at the drawing in that way, 
the Court will see the absolute propriety of the lan- 
guage of the patent in describing figure 7 as another 
mode whereby motion can be imparted to the armature. 
In speaking, however, of this instrument the patent 


Says .- 


‘* When the sound is uttered in the cone, the membrane is set in 
vibration: the armature is forced to partake of the motion, and thus 
electrical undulations are created upon the circuit. These undula- 
tions are similar in form to the air vibrations caused by the sound ; 
that is, they are represented graphically by similar curves, the un- 
dulatory current passing through the electro-magnet (of the receiv- ° 
er) influences its armature to copy the motions of the armature (of 
the transmitter); a similar sound to that uttered into the transmit- 
ter is then heard to proceed from the receiver.” 


This was Mr. Bell’s theory of the operation of the 
device. He may have designed the device for trans- 
forming speech into electrical undulations of similar 
form and their reconversion into aerial vibrations, but 
he did not say so, and if so designed, it failed. 
“The varying pitch of the “ voice could be dis- 
criminated, but not the quality; “a sort of mut- 
“tering effect was perceived at the receiving end 
when a person talked very loud at the other end” 
is Bell’s formal description by the legend under 
his Toronto drawing of the best result that had been 
attained. This is the extent to which the motions of 
the armature were copied at the receiver, and to this 
degree only were the sounds heard at the receiving 
end similar to those uttered into the transmitter. 
Not only were the instruments described, when actually 
tried, incapable of performing the functions which 
it is claimed his language should be so construed as to 
ascribe to them, but as his knowledge did not extend 
beyond this embodiment of his ideas, he was absolutely 


unable, for want of the proper devices, to produce 
any such results as the reproduction of sounds similar 
to those uttered into the transmitter. His assumed 
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knowledge aid not extend beyond the “ possible” or 
the “-probable.” As another, though imperfect, mode 
of setting in vibration the armature, it may properly 
have been considered the equivalent of the reed 
operated by wind; that it was so intended and 
considered by him seems quite ciear from various 
subsequent documents and statements from him. In 
his subsequent patent and in his English patent the 
use of this figure 7 for purposes of multiple telegraphy 
is clearly indicated. This will be alluded to more fully 
in another place ; it is sufficient here to refer to page 
1757, answer 591, where Mr. Bell says that he experi- 
mented in Canada with telephones made with a triple 
mouthpiece, so that three different persons could speak 
or sing to the same membrane telephone, and upon 
listening at the receiver he was able to dis- 
tinguish one voice from another and one pitch from 
another, even when the three persons at the trans- 
mitting end spoke or sang simultaneously. Evidence 
on this point is also found on pages 1661—2-3-4 and 
1697, and on pages 1705-6—-7-8—9-10 and 1762 to 1765. 
Beyond this use as a multiple telegraph of figure 7 
and for the transmission and reproduction of speech, 
it was an abortive and unsuccessful attempt to demon- 
strate a theory which subsequent events proved to 
have been correct, and which, had the instrumentalities 
been adequate and the effort sufficiently determined, 
would undoubtedly have been productive of entirely 
different results from those obtained. Although it 
may be,as he states in this specification, that the 
instruments described will convert ‘the air vibrations 
caused by the sound” uttered into electrical undula- 
tions, and these in turn into aerial vibrations repre- 
senting a similar sound (though, singularly enough, 
articulate speech is not specifically mentioned, though 


Mr. Bell was thoroughly impressed with its importance, 
and considered it the most important, if not 
exclusively, the object sought), yet notwithstand- 
ing such statement, it does not prove that such was 
their action, or that he had succeeded in accomplish- 
ing this result. He does not say in so many words that 
the apparatus referred to will transmit and reproduce 
speech, for he had found the contrary to be the case ; 
but under the general title “‘ similar sounds” he classed 
the ‘‘ mutterings.” To be sure, he alleges that the un- 
dulations set up in the line are ‘similar in form to 
the air vibrations caused by the sound,” and as the 
armature of the receiver is to copy the motions of the 
armature of the transmitter, a “similar sound” is 
heard; but inasmuch as the sounds heard were similar 
only in respect to pitch and amplitude, and this re- 
motely, it is not to be presumed that he means similar 
in all respects, particularly as to the ¢:mbre,—which 
in his experiments with this instrument was entirely 
lacking. 

In the single paragraph devoted to this alternative 
mode of vibrating the armature, the action of the in- 
strument is thus set forth: 


‘*A sound being uttered, the membrane is set in vibration; the 
armature is forced to partake of the vibration and electrical undula- 
tions are created upon the circuit.” 


It had been previously stated that the character of 
the undulatory current was dependent upon the motion 
of the armature. 


‘‘ When, therefore, a permanent magnet is caused to vibrate in 
front of the pole of an electro-magnet, an undulatory current of 
electricity is induced in the coil of the electro-magnet, the undula- 
tions of which correspond in rapidity of succession to the vibrations 
of the magnet in polarity to the direction of its motion, and in in- 
tensity to the amplitude of its vibration.”’ 


Again : 


‘* Electrical undulations induced by the vibrations of a body 
capable of inductive action can be represented graphically without 


error by the same sinusoidal curve which expresses the vibration: 


of the inducing body itself and the effect of its vibration upon the 
air: for, as above stated, the rate of oscillation in the electric cur- 
rent corresponds to the rate of vibration of the inducing body—that 
is, to the pitch of the sound produced. The intensity of the current 
varies with the amplitude of the vibration—that is, the loudness of 
the sound.” 


So far as the description extends, two characteristics 
of sound are said to be represented by the undulatory 
current—pitch and loudness ; but nothing is said of 
timbre, which Bell well knew indicated something more. 
It will be noted also that the illustration in figures 
1, 2, 3 and 4 of the drawings’ was only of 
simple sounds, and of the combination of 
simple sounds. There was thus nothing in the 
patent prior to the paragraph with respect to figure 7 
to in any way indicate that any kind of undulation was 
referred to or intended to be represented graphically 
other than the undulations caused by a simple sound. 
No reference is anywhere made to overtones, or to any 
of the pecuhar vibrations which characterize articulate 
speech. ‘he variations in the character of the undu- 
latory current and the sinusoidal curves representing it 
are said to be due to changes in the motions of the 
armature. Hence the motions of the armature deter- 
mine the nature of the undulations. The only varia- 
tions in the motions of the armature which are men- 
tioned in this connection have reference to rate and 
amplitude, whereby the graphically-expressed form of 
the undulatory current is made to vary with the pitch 
and loudness. The membrane instruments as repre- 
senting another mode of vibrating the armature are not 
said to have any further capacity for changing the form 
of the undulations. The vibrations given to the arma- 
ture were supposed to vary with the sound uttered as 
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to rate and amplitude, for nothing more had been pre- 
sumed or accomplished. Hence, when it is stated that 
these “ undulations are similar in form to the air vibra- 
tions caused by the sound—that is, they are represented 
graphically by similar curves,” Mr. Bell means similar 
as to pitch and loudness, rate and amplitude, for no 
other form has heen mentioned as rncident to sound vibra- 
tions, sinusoidal CUrUES OF undulatory currents. 

This feature of different tones and pitch is referred 
to in the letter of June 2, 1875, but quality is not men- 
tioned. 

Lhe fact that sound vibrations have other character- 
istics than those stated does not necessarily imply that 
he intended or understood that they would be copied: on 
the contrary, the fact that he had endeavored to induce 
this additional form of vibration and to impress upon the 
undulatory current the characteristic of timbre, and 
had tailed; and the further fact that he does not even 
allege that this operation is performed by the device 
originally intended for that purpose ; and the fact that 
if he had so intended and was honest in such intention, 
he, like any other man, would undoubtedly have stated 
in his patent that he had solved the problem of the 
transmission of speech, and not have left it to be 
vaguely inferred by enlarging the use of scientific 
terms, prove conclusively that he did not presume _ to 
describe the membrane instrument as other than an 
alternative mode of vibrating an armature for the same 
purpose as the reed instruments and as illustrating the 
same principle. 

It is true, that notwithstanding all this, the Examiner 
in Interferences awarded to Mr. Bell priority of inven- 
tion as of the date of his patent 174,465. He did it, 
however, not because /e thought that the invention of 
the telephone was described in that patent, but because 
that patent had been construed by the Courts below in 
some of these cases as covering the invention of the 
speaking telephone, and the Examiner, very properly, 
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felt bound to follow the construction: given by the 
Courts. 

A further illustration of the quite vague ideas Mr. 
Bell had at the date of his patent with respect to his 
instrument, figure 7, is shown in his testimony with 
regard to the use of a permanent magnet, as shown in 
his second patent. On pages 1630 and 1631 will be 
found, first, a letter from Mr. Bell, wherein he speaks 
of his great discovery, that he could operate a telephone 
line having a large resistance, equivalent to that of 325 
miles of well-insulated telegraph wire, with a battery 
consisting of a single cell. That discovery made him 
sure that by substituting a permanent magnet he could 
work it without a battery at all. In answer to question 
147, he said that his original idea in the summer of 
1874 was to transmit sound by means of magneto-elec- 
tric currents without a battery, and from the time of 
his first conception of the speaking telephone he had 
the belief that the apparatus could be operated by 
substituting a permanent magnet for the soft iron core 
of the electro-magnet. Being then asked why he used 
a battery in his speaking telephone, he answered : 


‘‘ Because the effects obtained were much more powerful with 
a battery than without, and because I had the idea that in operat- 
ing the instrument through any considerable resistance, as upon 4 
real telephone line the battery would produce the most practically 
useful results.” : 


Now, inasmuch as Mr. Bell’s early experiments, 
particularly about June, 1875, had been made with the 
battery cut off and with no other power in the magnet 
than that of residual magnetism, it 1s easy to see where 
he obtained the notion that the effects were more 
powerful with a battery than without. If he had 
waited a little longer after the cutting out of the bat- 
tery, there would have been no effects at all. He ap- 
parently was not then aware of what is now, by all the 
experts in the case on both sides stated to be the fact, 
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that the voltaic current has absolutely no other fune- 
tion in a magneto telephone than that of magnetizing 
the cores of the magnet, and has no effect whatever 
upon the loudness of sound produced at the receiver. 
That effect would be caused only by the amplitude of 
the vibrations of the transmitting armature. This 
same notion of Mr. Bell is shown in various parts of 
the record. In his letter of July 7, 1875, to Mr. Hub- 
bard he suggests that a pulsatory action may be in- 
duced in the voltaic current itself (pages 1616-1617). 
In his original draft of the specification for the patent 
(pages 1621-2) he speaks of inducing undulations on a 
continuous voltaic current. This very patent of March 
7th states that undulations are caused in a continuous 
voltaic current by the vibration or motion of bodies 
capable of inductive action, and states it, too, with the 
apparent idea that the strength of the voltaic current 
is thereby availed of. This apparent error of Mr. Bell 
as to the actual function of the battery in the devices 
deseribed by him has been commented upon by _ elec- 
trical writers. Prescott, in his work on the Speaking 
Telephone, Edition of 1878, page 19, refers to it in 


these words: 


‘‘ During the ensuing time some important changes in the tele- 
phone were effected whereby its articulating properties were greatly 
improved. Prof. A. E. Dolbear, of Tuft’s College, observing that 
the actual function of the battery current with which the line was 
charged in Bell’s method had simply the effect of polarizing the 
soft iron cores of the transmitting and receiving instruments, or of 
converting them into permanent magnets, and that the mere pas- 
sage of a constant voltaic current through the line had nothing to 
do with the results, conceived the idea of maintaining the cores in 
a permanently magnetized or polarized state by the inductive influ- 
ence of a permanent magnet instead of by a voltaic current.” 


True, in a subsequent edition of his work, that of 
1884, on page 19, when writing under other influences, 
Mr. Prescott ascribed this observation to Prof. Bell. 
He uses substantially the same language, except that 
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he attributes the observation to Prof. Bell. We quote 
his language in tlie second edition : 


‘* During the ensuing time some important changes in the tele- 


phone were effected whereby its articulating properties were greatly 


improved. Prof. Bell, the inventor, having observed that the ac- 
tual function of the battery current, with which the line was elec- 
trically charged, had simply the effect of polarizing the soft iron 
cores of the transmitting and receiving instruments, or of convert- 
ing them into permanent magnets, and that the mere passage of the 
constant voltaic current through (over) the line had nothing to do 
with the result, conceived the idea of maintaining the cores in a 
permanently magnetized or polarized state by the inductive influ- 
ence of a permanent magnet instead of by a voltaic current.” 


Whether Mr. Prescott was right in his first or in his see- 
ond edition is of no importance; it shows that the con- 
struction put by electrical writers upon the patent and 
published descriptions of Mr. Bell of his invention 1s that 
he had theretofore claimed and supposed that he was ef- 
fecting an undulation in the voltaic current and that such 
undulations did work ; and that he or Dolbear, or some- 
body, subsequently discovered that the only function 
of the battery current was to magnetize the cores of the 
magnet, and that the battery current did no work what- 
ever. Subsequently Mr. Bell seems to have made sun- 
dry other experiments, especially those at or about the 
time of the Centennial Exhibition. They were (with 
the instruments he then employed, and which are ma- 
terially different from the devices shown in figure 7) 
moderately successful. No sustained conversation 
could be carried on; the effect was generally inaudible, 
but sentences and = parts of sentences ~ were 


transmitted—in Mr. Bell’s language—‘ occasionally 
with startling distinctness, so that it was 


difficult to realize that the person was not standing 
in his immediate proximity.” How little, however, the 
telephone was then clearly and practically understood 
is evident from the fact that Sir Wilham Thomson, 
whom complainant's counsel never tire of describing as 
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the ablest electrician in the world, being presented with 
a pair of telephones by Mr. Bell, took them home with 
him to England, and in attempting to exhibit them in 
a lecture was unable to operate them, owing to the fact, 
as suggested, that he tilted the top of the cylindrical 
receiver up at an angle, and thus removed it so far from 
the pole of the magnet that the magnet was without 
effect upon it and no aerial vibrations were produced. 
Singularly enough, if was because of this very inability 
of Sir William Thomson to exhibit the instrument 
that Bell succeeded in his English litigation on his 
patent ; for if Sir Wiliam Thompson had succeeded in 
his attempt to show the instrument, it would have been 
such a publication under the English law as would 
have defeated Mr. Bell’s English patent (see also 
testimony of Prof. Brackett, Record, page 482). 

Looking back now at the history of Mr. Bell’s in- 
vention up to the time of the first patent of March 7, 
L876, we submit : 


First. 


That his patent is for a multiple-telegraph or for a 
singing telegraph or telephone for multiple-telegraph 
purposes. 

In his 574th answer, Mr. Bell says that he had in 
view the possibility of using stretched membranes in 
multiple-telegraph apparatus of some kind; but he 
adds that it was never intended for this use, although 
it might be possible to make some application of the 
kind; and on page 1692 he says that the stretched 
membrane would vibrate too freely for purposes of 
multiple-telegraphy. But in answer to question 382, 
he says : 

™ It is true that a membrane telephone can be used for the pur- 
poses of transmitting a musical tone in the manner described 
above; it is true that it can be used for the purpose of receiving a 
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musical tone; but the effects produced, whether the instrument is 

used as a transmitter or receiver in transmitting and receiving mus- 

ical tones are so much inferior to the effects produced with tuned 

instruments like those shown in figures 5 and 6, that practically for 
‘ the purposes of multiple-telegraphy, the membrane telephones are 
by no means the equivalent of tuned reeds.” 


And on page L694 his 388th answer is this: 


‘*T meant to convey the idea in my previous answers that while 
it might be possible to use the apparatus shown in figure 7 for the 
purposes of multiple-telegraphy, it was not nearly so well adapted 
for that purpose asthe tuned instruments shown: in figures 5 
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and 6. 


And he adds that while in 1875 and 1876 he recogn- 


ized the possibility of using the apparatus for the pur- 
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pose inquired about (that is, for multiple-telegraphy), i 
he did not contemplate its employment in multiple- Hl 
telegraphy. 

In this testimony, it is apparent that Mr. Bell is 
confounding his knownledge and opinions at the date 
of testifying with his knowledge and opinion at the 
date of the patent. 

The knowledge to which he testifies as to the com- 


parative superiority of the reed or membrane for pur- ‘ : 
poses of mutiple-telegraphy or speech is that acquired 
subsequently to the patent, for prior thereto his exper- 
iments had shown him no sufficient effect of the 


membrane to allow of the formation of an 


| opinion as to its having any different mode of (ie 
| operation from the reed, and so far as_ his | 


theoretical or scientific opinion was concerned, he 
a thought that the mode of operation of the two were 

alike. , 
| In his preliminary statement, p. 2078, he says that 
“~ 


after talking with Prof. Henry he was discouraged as 
to obtaining from stretched membrane the results | 
which he had hoped. ‘‘I remembered that the im- 
pression left upon my mind was that each stretched 
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membrane would have a rate of vibration peculiar to 
itself.” 

Now that was the very peculiarity of the reeds. 

The peculiarity too that was sought for by tuning 
the reeds or selecting them according to their 
rate of vibration. 

It was doubtless also with reference to this very 
assumption of a rate of vibration in the membrane 
peculiar to itself that Mr. Bell deseribed Fig. 7 as 
“another mode whereby motion may be imparted to 
the armature,’ he supposing that the membranes in 
Fig. 7, like the reeds in Figs. 5 and 6, had a rate of 
vibration peculiar to themselves. 

In the 400th question, which quotes certain parts of 
the fourth plan of the English Provisional Specifica- 
tion, Mr. Bell was asked whether the description there 
given was not a description of the application to the 
purposes of multiple-telegraphy of the inventions which 
were shown in Figs. 5, 6 and 7 ot the patent of March 
7, 1876. The answer is in these words: 


‘‘ Tt is in part, but in part only. It is adescription of the applica- 
tion to the purposes of multiple-telegraphy of the apparatus shown 
in Fig. 7 of my March 7, 1876, patent, and the modification of it, 
but especially kept distinct from instruments like those shown in 
Fies. 5 and 6 of that patent. 


Mr. Bell adds a further quotation from the English 
specification which states that the fourth plan is also 
adapted for the entire new use of transmitting intelli- 
gibly the exact sounds of articulate speech. 

It will be seen from the quotation above referred to 
in the answer of Mr. Bell that the English patent de- 
scribes and refers to the old use of Fig. 7, for multiple- 
telegraph purposes, and then (he) adds that it may also 
be used for the “ entire new use of transmitting intel- 
ligibly the exact sounds of articulate speech.” By 
eross-question 415, page 1705, Mr. Bell was asked if, 
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as he had stated in auswer to the 338th question, that 
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he did not contemplate the employment of Fig. 7 for 
multiple-telegraphy, why he inserted in his English 
Provisional Specification, filed December 9, 1876, a 
; specific descrivtion of the application of that apparatus 
| in multiple-telegraphy, and why he inserted in his 
United States patent of January 30, 1877, a specific de- 
scription of the use in multiple-telegraphy of his tele- 
phone instruments with directions how to employ 
them in transmitting by the Morse alphabet. He an- 


swers as follows: 
‘‘TIn my answer to cross-question 338 referred to I stated that, 
‘ | 


although I did not contemplate the employment of the apparatus 

| shown in Fig. 7 of my March 7, 1876, patent for the purpose of mul- 

| tiple-telegraphy, as it was not sv well adapted for this purpose as the 

| tuned instrument shown in Figs. 5 and 6, still I recognized in 1875 
and 1876 the possibility of using the apparatus for the purpose in- 
quired about. The specification of my March 7, 1876, patent was 
prepared by myself alone; whereas my English provisional speci- 

4 fication and my United States patent of January 30, 1877, were pre- 
pared with the assistance of counsel skilled in patent law, and my 
impression is that it was considered advisable to state in the speci- 
fication all the uses to which the instrument could possibly be put. 
Quite independently of this the sounds produced with my improved 
telephone, shown in the United States patent of January 30, 1877, 
and also described in the English Provisional Specification, were so 
much superior in loudness to those produced by the membrane tel- 
ephone shown in my March 7, 1876, patent, that there really would 
be little difficulty in persons with skilled ears using the telephones 
for the purposes of multiple-telegraphy in the manner described in 
the specification referred to.” | 


This answer invites the comment that for long after 

the date of the March 7, 1876, patent, figure 7, so far as 

Mr. Bell knew, was absolutely worthless for anything 

" unless multiple-telegraphy ; nothing more had been 
heard through it than a faint sound ; approach to artic- 

| ulate speech there had been none. If Mr. Bell had at 
that time supposed that the device of figure 7 was good 

for anything it must have been for the transmission of 

some kind of signal adapted to multiple-telegraphy, 
and for nothing else. In addition to that, it will be 
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remembered that Mr. Bell had quite as much and abso- 
lutely the same professional aid in preparing his speci- 
fications for the March 7, 1876 patent, as for the sub- 
sequent one. He had drawn those specifications him- 
self; he had forwarded them to his counsel, Mr. 
Pollock, in Washington, for examination, and they had 
been returned to him by his counsel and verified by 
Mr. Bell. That his counsel did not deem 1t necessary 
in any respect to alter the specification is simply a 
tribute to the professional skill of Mr. Bell, but in no 
way detracts from the force of the fact that he had con- 
sulted his counsel and was as much aided by such coun- 
sel in approving what Mr. Bell had already done in 
respect to that patent, as he was by suggestions of 
counsel for alterations in the specifications for the sub- 
sequent patents. It would seem, also, altogether prob- 
able that in sending on his specifications tor the patent 
of March 7, 1876, to his counsel, Mr. Bell did not tell 
them anything about a speaking telephone, or give 
them to understand that his figure 7 was intended for 
anything else than as “ another mode” for vibrating 
the armature of figures 5 and 6, and for the same purpose 
intended with respect to figures 5 and 6. For, in answer 
to question 425, Mr. Bell says: ‘‘ My impression is that 
“my counsel were dissatisfied with the meagreness of 
“ my description of the speaking telephone in my pat- 
“ent of March 7, 1876,” and desired to supplement this 
by fully describing and claiming in his patent for Janu- 
ary 30, 1877, whatever was not specifically described 
and claimed in the former patent. It is not to be won- 
dered at that his counsel were dissatisfied with the 
meagreness of that description, if that description were 
intended to describe the speaking telephone; there is 
surely no living man, who, if called upon to-day, would 
not express a similar surprise that, if Mr. Bell had then 
really invented and intended to describe the speaking 
telephone, he did not use language that would have 
made him much more readily and easily understood. 
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On page 1757, as we have before said, Mr. Bell states 
that in Canada he had made experiments with refer- 
ence to figure 7 for purposes of multiple-telegraphy, 
and had had a triple mouthpiece made for one of the 
instruments. Of course, the making of a triple mouth- 
piece must have contemplated that the instrument 
might have been used with but one large mouthpiece or 


without any mouthpiece. Mr. Bell himself never made 


or caused to be made any mouthpiece for figure 7 prior 
to the filing of his specification for the March 7th pat- 
ent. The subsequent making of triple mouthpieces can 
be but a continuation of his idea theretofore existing 
for the use of figure 7 for purposes of multiple teleg- 
raphy. 

Other ar:d a different kind of evidence on that point 
may be found by reference to the publications of Mr. 
Bell. 

In his patent No. 186,787, January 30, 1877, Mr. Bell 
refers to the patent of March 7, 1876, and says that in 
this last patent he has shown and described a method 
of and apparatus for producing musical tones by the 
action of undulatory currents of electricity, whereby a 
number of telegraphic signals can be sent simultane- 
ously over the same circuit in either or both directions, 
and a single battery to be used for the whole circuit. 
He then goes on to show that in that Patent No. 174,- 
465 and prior patents signals are transmitted simulta- 
neously along a single wire by the employment of trans- 
mitting instruments, each of which occasions a succes- 
sion of electrical impulses differing in rate from the 
others, and are received without confusion by means of 
receiving instruments, each tuned to a pitch at which it 
will be put in vibration to produce its fundamental note 
by one only of the transmitting instruments ; that a sep- 
arate instrument was, therefore, employed for every 
pitch, each instrument being capable of transmitting or 
receiving but a single note, and thus as many separate 
instruments were required as there were messages or 
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musical notes to be transmitted. This, according to his 
then knowledge, included a membrane. He then states 
that his invention as described in the patent of January 
30, 1877, has for its object, first, the transmission simul - 
taneously of two or more musical notes or telegraphic 
signals along a single wire in either or both directions 
with a single battery for the whole circuit without the 
use of as many instruments as there are musical notes 
or telegraphic signals to be transmitted ; second, the 
electrical transmission by the same means of articulate 
speech and sound of every kind, whether musical or not ; 
third, the electrical transmission of musical tones, 
articulate speech and sounds of every kind without the 
necessity of using a voltaic battery. 

Is it not remarkable that if the patent of March 7, 
1876, had been intended, or was drawn with the object 
of transmitting articulate speech, or for showing the 
method or device available for such purpose, that it 
not only should not have been mentioned in the patent, 
but that in the subsequent patent Mr. Bell should state 
that his then invention had for its object (Second), the 
electrical transmission by the same means of articulate 
speech ? Is it not also curious that he should have 
failed anywhere in the patent No. 186,787, to state that 
patent No. 174,465 had for its object, or intended to 
use figure 7 therein described for any other use or 
purpose than as an alternative mode of vibrating the 
armature for the purpose of multiple telegraphy? It 
is true that in patent No. 186,787 he says : 


‘“In my patent No. 174,465, of March 7, 1876, I have shown as 
one form of transmitting instrument a stretched membrane to 
which the armature of an electro-magnet is attached, whereby 
motion can be imparted to the armature by the human voice or by 
means of a musical instrument, or by sounds produced in any way. 


In accordance with my present invention, I substitute for the 
membrane and armature shown in the transmitting and receiving 
instrument alluded to above, a plate of iron or steel eapable of being 
thrown into vibration by sounds made in the neighborhood.” 
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There is, however, in that statement nothing what- 
ever to indicate that in his patent No. 174,465, he had 
described or shown that special form of transmitting 
instrument, figure 7, as having any other functions, or 
being used for any other purpose than the forms of 
transmitting instruments thereinbefore described. ‘The 
change made is what he had found by his clock spring 
experiment to be necessary in order to make a talking 
telephone. All the others had been for multiple- 
telegraphy, and there is no suggestion in the second 
patent that it had been the intention of the first to 
describe figure 7 as for any other purpose. In this 
patent, No. 186,787, Mr. Bell clearly and definitely 
describes the instruments therein shown as being for 
the purpose, among ovhers, of multiple-telegraphy. 
He says: 


‘* In order to transmit a telegraphic message by means of this 
instrument, it is only necessary for the operator at the telephone to 
make a musical sound in any way inthe neighborhood of the plate 
A, and to let the duration of the sound signify the dot or dash of the 
Morse alphabet, and for the operator who receives the message to 
listen to his telephone. When two or more musical signals are be- 
ing transmitted over the same circuit, all the telephones reproduce 
the signals for all the messages ; but as the signals for each message 
differ in pitch from those for the other messages, it is easy for the 
operator to fix his attention upon one and ignore the other.” 


And later on he gives a description of its use for the 
purpose of transmitting articulate speech. He says: 


‘*'To convey an articulate message, it is only necessary for an 
operator to speak in the neighborhood of his telephone, and for 
another operator at a distant station upon the same circuit to listen 
to the telephone at that station. If two persons speak simultane- 
ously in the neighborhood of the same or different telephones, the 
utterances of the two speakers are reproduced simultaneously by 
all the other telephones on the same circuit ; hence, by this plan, a 
number of vocal messages may be transmitted simultaneously on 
the same circuit in either or both directions.” 


He had got rid of his hinged or pivoted armature, 
and now had a speaking telephone. 


Surely nothing could be plainer than the language 
of this patent to indicate that the patentee had in mind 
and purpose the use of his instruments for purposes of 
multiple-telegraphy. Surely nothing can be more co- 
gent as to the proper construction of patent No. 
174,465, in limiting it to purposes of multiple-telegra- 
phy, and as showing that the inventor had in mind 
only its use for purposes of multiple-telegraphy, than 
the fact that the second patent, when the inventor had 
definitely discovered or invented the use of an instru- 
ment for telephonic purposes, refers to the use of the 
instrument in the first patent only for purposes of mul- 
tiple-telegraphy and refers to the instrument described 
in the second patent as available for multiple-telegra- 
phy and also for the purpose of the transmission of 
articulate speech. 

Turning now to the English specification, as 
amended by the disclaimer of February 15, 1878, we 
find equally cogent evidence that the first patent was a 
patent for multiple-telegraphy. The English patent, 
as amended by the disclaimer, will be found on page 
145-t ef seq. of the record. In the fourth plan therein 
shown a telephone substantially ike that described in 
the United States Patent 186,787 is described. The 
specification as to the fourth plan begins by describing, 
substantially, figure 7 of the patent 174,465. It uses, 


however, this language (page 1466) : 


‘When a musical note is made in the neighborhood of the 
‘membrane N it is set in vibration; the armature A is forced to 
‘* partake of the motion and thus electrical undulations are created 
‘* upon the circuit. The armature A! is thus thrown into synchro- 
‘‘nous vibration with the armature A embodying the musical 
‘“note of similar pitch to that which originated the vibration 
‘‘of the armature A. If two or more musical notes be sim- 
‘‘ultaneously sounded in the neighborhood of the cone C®, the 
‘‘ resultant motion of the air is copied by the membrane N to which 
‘‘the armature A is attached, and this armature A acting induct- 
‘ively upon the current traversing the coils of the electro-magnet 
‘* E causes an increase and diminution in its intensity and the arma- 
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‘ture A‘ is thrown into vibration by the varying direction of the 
‘* electro-magnet E', to which it is attached, and thus imparts to 
‘* the air at N! a fac-simile copy of the motion of the air that acted 
‘‘uponthe membrane N. Hence, two or more musical notes or 
‘‘ telegraphic messages can be sent simultaneously along a single 
‘‘ circuit from one station to another by means of one instrument at 
‘‘ each station.” 


Surely that description of the character and fune- 
tion of figure 71s as clear and precise a description of 
its use for multiple-telegraphy only as could be desired. 
It is immediately followed by a description of the tele- 
phone described in Patent No. 186,787. As to that 
also it is specifically pointed out that it may be used 
for purposes of multiple-télegraphy. The specification 


Says: 


* By this plan an operator at station, figure 21, may send a tele- 
graphic message on acertain pitch while another operator at another 
station, say figure 22, is transmitting another message ona different 
pitch, and both sounds will be audible at all the stations in circuit. 
The receiving operator will pay attention to signals of only one 
pitch; hence, by this plan, the simultaneous transmission of anum- 
ber of telegraphic messages over a single circuit and in the same or 
both directions, with a single main battery for the whole circuit and 
a single telephonic instrument at each station is rendered possible. 
Whatever sound is made in the neighborhood of any telephone is 
copied in jfac-simile by the telephones of all the other stations. 
Hence this fourth plan is also adapted for the ent/rely new use of 
transmitting intelligibly the exact sounds of articulate speech. To con. 
vey an articulate message, it is only necessary for the operator to 
speak in the neighborhood of a telephone and for the receiving oper- 
ator at another instrument to listen.” 


In this patent the two uses .of the instrument are 
pointed out. In patent 174,465 nothing is said of any- 
thing but multiple-telegraph. 

If, then, we are correct in this interpretation of the 
patent, which is the same as that given by the Examin- 
er of Interferences, but which the Examiner of Inter- 
ferences felt himself barred from adopting by the de- 
cision of the Circuit Court for the District of Massa- 
chusetts, the patent of Mr. Bell 174,465 does not de- 
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scribe a speaking telephone and is not a patent for a 
speaking telephone, but is simply a patent for another 
mode of vibrating the armature in a multiple-telegraph 
apparatus. 

It may be suggested that this apparatus will actually 
transmit speech. The evidence on that point is con- 
tradictory. Capable experts, like Dr. Morton and Mr. 
Benjamin, have found it inadequate for such transmis- 
sion; complainant’s experts say that they have made 
it work. Itis then suggested that although Mr. Bell 
had not actually transmitted speech in pursuance of his 
theory, yet if in the patent he actually pointed out an 
instrument, or described an instrument which would 
produce the desired result, he had sufficiently reduced 
his invention to practice to comply with the law in that 
respect. Gray gives a far better description than Bell 
of a telephonic device; but imasmuch as he had not 
tried it or made it work in any satisfactory manner, he 
did not regard it as deserving the name of invention. 
In this respect the question would arise whether Mr. 
Bell had sufficiently described his method and ap- 
paratus to enable a person skilled in the art to make 
and use the instrument. How can we have better evi- 
dence on that point than the fact that Mr. Bell, with 
all the skill of which he was master, was unable to make 
an instrument which would work? Of what use 1s it 
to produce instruments which since that time are al- 
leged to have been made by electrical experts simply 
from the drawing in the patent intended only as an 
electrical diagram and which it is said will transmit 
speech? How can the instrument maker divest him- 
self of the knowledge which has since become the com- 
mon property of the world in respect to the essential 
requisites for making an instrument capable of trans- 
mitting speech ? 

Were a million witnesses to come and testify that 
from the patent alone they had made an instrument 
which would transmit speech their testimony would be 
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valueless as against the admitted fact that Bell, with 
all his knowledge, added to that which was expressed 
in the patent was unable prior to the date of his patent 
to make an instrument which would transmit more than ( 
, a faint sound, or give more than a kind of faint mutter- B 
| ing. Mr. Bell and his assistant have attempted to re- 
produce instruments used by them prior to the date of 
the patent of March 7, 1876. ‘lwo peculiarities will be 
noticed with regard to all these instruments said by 
them to be reproduced. In the first place, they all had 
devi es for regulating the distance of the armature from 
the magnet. Figure 7 hasnone. In the second place, 
in every one of these instruments the armature was 
hung parallel with the end of the magnet and with the 
diaphragm. In figure 7 it will be noticed that the 
armature is hung at an angle with the diaphragm and 
consequently at an angle with the end of the magnet. 
In figure 7 the armature is shown large and heavy. In 
the reproduced instruments the armatures are shown 
exceedingly thin and light. Drawings of the reproduced 
instruments will be found on pages 1662 to 1665, and 
also on pages 1898 to 1907. If it be answered that 
these differences are experimental, and that the best of 
the lot and the one which should be effective could be 
readily learned by experiment we answer that such de- 
ficiency 1n a process or a device for a new art, one 
theretofore not known, is fatal. Who was to tell or how 
were they to learn that the difficulty in an instrument 
made precisely like that in Figure 7 was attributable to 
such points as these to which we have alluded, or to 
others? It was the business of the inventor of the new | i] 
art to advise people who read his patent not only that | 
| 


figure 7 was another mode for vibrating the reed or 
~ armature for the purposes of multiple-telegraphy, but 
also that it was in and of itself an invention by which | 
articulate speech could be transmitted ; and it was also | 
his duty then and there to inform them how to con- a 
| 
| 
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transmitting speech, not by a mere electrical diagram, 
but by a statement so clear and definite that an ordin- 
ary artisan might execute it, and without experiment. 
That a clear and precise description, not only of the 
mode of, operation, but of the concrete machine in all 
its details, which should be operative to transmit 
speech ; or, in other words, which should practically 
earry out or execute this new art should be found inthe 
patent is most emphatically shown by the complainant's 
own witness, Prof. Cross. On _ his cross-examination, 
page 8l,he was asked as cross-interrogatory 44 the 
following question : 

‘At the time of the filing of the specification and patent No. 
174,465, was the art of transmitting articulate speech by electricity 
known, unless it be described in the specification ? 

‘A. It was not. 

‘* Cross-Interrogatory 45. At that time was the art of transmit- 
ting musical tones, including vocal musical tones, by electricity 
known ? 

‘A. The art of transmitting the characteristic pitch of musical 
sounds, including the pitch of a sound produced by the voice, was 
known. The transmission of all the characteristics of any sound— 
its intensity, its pitch and its quality—was not known. 

‘* Cross-Interrogatory 46. Didn’t you, in your last answer as to 
what was not known, describe an art which, if known, would have 
been the art of transmitting articulate speech ? 

‘A. The theoretical knowledge of the manner in which the one 
could be done would, I think. necessarily involve the theoretical] 
knowledge of the way in which the other could be done. The prac- 
tical realization of an instrument which should transmit the three 
characteristics of pitch, rntensity and quality of a musical sound, would 
not necessari'y involve the practical realization of the transmission of 
articulate speech. 

This precise defect referred to by Prof. Cross, we 
submit, is found in this patent. Assuming that Prof. 
Bell thought he had discovered, and even that he had 
discovered and invented a method and instrument which 
should transmit the three characteristics of pitch, in- 
tensity and quality of a musical sound, he had not dis- 
covered or invented, and did not in his patent point out 
the discovery or invention which should “ necessarily 


involve the practi ‘al realization of the transmission of 
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articulate speech,’ or which did involve it. Further \ 
discovery and invention were necessary. 

That the patent was insufficient for this purpose, we 
again repeat, is conclusively shown by Mr. Bell’s own 
failure to effect the desired result; and no amount of 
evidence by men who have manufactured telephones .at 
a subsequent date that they had made devices in ac- 
cordance with the patent 174,465, and had with them 
transmitted speech would be sufficient to show that at 
the time the specification was filed any man could have 
read it and have done so. 

Counsel for complainant are very fond of saying a 
Morse key and sounder delicately adjusted may be now 
made to transmit speech. Certainly, the House Pho- 
netic Telegraph patents, which were introduced by the 
complainants themselves, would in the light of our 
modern knowledge undoubtedly, if properly adjusted, 
transmit speech. Can it be said, however, that the 
House patents are patents for telephony, or that the 
yn" long use of the Morse key and sounder are anticipa- 
| tions of the modern telephone ? 


Second. 

| If, however, it can be claimed that the first patent is 
) a patent for anything beyond the multiple-telegraph, 
we submit that it cannot be construed as a patent for 
anything but a magneto-electric telephone, and that 


the ‘ method” of the fifth claim is the method of a 
magneto-electric telephone. That Mr. Bell invented 
d the magneto-electric telephone may be conceded ; that 
he invented it until subsequent to the issue of his pat- 
ent 174,465, seems to us inconsistent with the evi- 


dence. The invention should properly date some time 
in the latter part of March or in April, 1876, when, by Fi 
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glueing a piece of clock spring to the membrane, he, 
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for the first time, obtained anything approximating to 
the transmission of speech. Prior to that time he had 
been working with a theory, but was unable in prac- 
tice to verify his theories. Giving him, however, the 
benefit of the experiment ‘in March or April, 1876, after 
the date of his patent, the same as if it had been de- 
scribed in his patent, we submit that the patent is still 
only for a magneto-electric telephone, and that the 
claims must be construed as limited to that device and 
that method. 

As will be remembered, in the history given of the 
course of Bell’s experiments and mental processes in 
arriving at his invention, the prominent and _ special 
feature in his mind was the use of magneto-currents. 
He says that their importance and_ theoretical availa- 
bility became apparent to him at a very early date, 
and he says that he failed to avail of their beneficial 
use because he was impressed with the idea that they 
were too feeble to produce audible effects at a receiver. 
In speaking of the use of the magneto currents for 
purposes of transmitting speech he invariably de- 
scribed it as his “method.” In his greatly-relied-on 
narration to Prof. Blake in October, 1874, he says that 
he described to Dr. Blake his “ method for the trans- 
mission of articulate speech” (Answer 46, page 1598). 
The method described is the magneto method. 

Ans. 46, p. 1598, and referring to October, 1874: 


‘‘ | described my method for the transmission of speech.” * * * 
‘‘T also described this method to Mr. Farmer.” * * * ‘T also 
spoke of it to Mr. Sanders and to Mr. Hubbard.” 


He illustrated them by Figs. 7 and 8, pp. 1595 and 
1596, which had free reeds before magnets and one of 
which is known as the harp instrument (Fig. 8). 

Prof. Blake shows them by drawings on a sheet 
between pages 1874 and 1875. All the drawings show 
reeds—none show a membrane—reeds vibrate at a rate 
of their own. Mr. Bell, as we have seen from his 
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preliminary statement in the interference case (p. 2078), 
then thought that a membrane would do the same. 
And if a membrane was talked of, as Prof. Blake says 
it then was, it necessarily must have been as a mere 
alternative way of actuating the armature, and with the 
purpose of providing as in June, 1875, he did, a 


receiving reed tuned to vibrate in unison with the 
membrane transmitter. 

The method then referred to must also be understood 
in memory of the fact that Mr. Bell had not then 
thought of the possibility of producing electrical un- 
dulations by vibrating the wire to which he first referred 
in his letter to Mr. Hubbard on May 4, 1875, following 
(p. 1604). 

In his letter to Mr. Hubbard of May 4, 1875, after 

| speaking of the feebleness of the induced currei ts by 

the magneto method, he refers to a plan, or thecry o 

L rarying resistance, which, as we have seen, was sub- 
stantially abandoned. The word plan is used as a syn- 

onym of method, and in his English patent it is used 

instead of method. These reflections are continued 

and shown in various ways until the accidental discov- 

ery of June 2d, that a magneto-current induced by the 

vibration of the armature in front of the pole of a 

magnet was strong enough to produce audible results. 

That was the great discovery ; that was the discovery 

which he immediately proceeded to utilize ; that was 

‘ the discovery pursuant to which he immediately caused 
to be made a membrane transmitter and used it in con- 

| nection with a reed receiver ; and that, and that alone, 
is the discovery which he claims to have utilized in the 

« invention, whatever it may be, set forth and described 
in figure 7 and the relating part of the specification, il 
and that is the. method in the 5th claim referred to. | 

Now, it must be remembered by the Court, that al- 
though the patent 174,465, does describe in a general 
way various devices by which undulatory currents may 
be created, it deseribes them solely and exclusively 
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with reference to the mere creation of such undulatory 
currents as might be availed of for multiple-telegraphic 
purposes, or suchas would be appropriate for use in 
connection with figures 5 and 6. Nor does it speak of 
such methods for causing undulations as in any degree 
novel; on the contrary, in commencing the descriptiou 
of them it uses this lancuage: ‘It has long been 
known that when a permanent magnet is caused to ap- 
proach the pole of an electro-magnet,’ &c. And again, 
later: ‘There are many ways of producing undula- 
tory currents of electricity, dependent for effect upon 
the vibrations or motions of bodies capable of induec- 
tive action. <A few of the methods that may be em- 
ployed I shall here specify.” 

All the methods which he then proceeds to specify 
were well known at the time. He gives no description 
of an apparatus for any of the modes for causing un- 
dulations except one, and that one is the apparatus de- 
scribed in Figures 5 and 6. When, however, he comes 
to describe Figure 7, there is to be found in the patent 
no suggestion whatever that there is any other “ method 
that may be employed.” If Figure 7 and its deserip- 
tive specification are not intended merely as another 
mode for actuating the transmitting reed of a multiple 
telegraph instrument, and if they are to be considered 
as a separate and distinct invention, then we desire 
thoroughly to impress upon the Court the fact that 
there is not in the patent the faintest suggestion any- 
where that there is or can be any other ‘ method” 
Whatever for effecting the purpose designed to be ef- 
fected by Figure 7 thar. the particular magneto-method 
wherein the magneto current is created by the action 
of the voice on the diaphragm that is in the patent de- 
scribed. It is not to be supposed that, had Mr. Bell 
then believed, or had he then discovered or retained in 
his mind the mental conception that it was possible to 
produce the results, now claimed to be shown by Figure 
7 and the specification, by means of any other method, 
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such as one in the nature of a microphone, he would 
not have said in that part of his patent, as he had said 
in reference to the multiple telegraph in the prior part 
of his patent, that there might be various modes or 
methods for effecting the result, one of which was de- 
seribed in Figure 7 and the relating specification. I, 


however, there had been what we see, in fact, that there 
was in his mind, the conception that the magneto- 
method was the method, which he had invented for ear- 
rying out the purpose of transmitting speech, we can 
see that the patent properly and fairly expresses that 
idea. 
| Our scientific knowledge has in the last fifty years 
heen greatly expanded. One result of this vastly 
increased knowledge is a wonderfully broadened gener- 
alization. Principles which were thought to be of nar- 
row and defined application are discovered to exist 
practically everywhere, and in every form of life and 
o matter to show their proper application. ‘The effect of 
| this has found its way into the patent law. Men in- 
vent devices or processes of a definite and special kind 
and for definite and special purposes; subsequent and 
different inventions are made, when at once the prior 
inventors find that by the greater diffusion of knowledge 
some broad general principle exists equally in both 
sets of inventions. In other words, after an invention 
has been made, another set of inventors (ordinarily 
called patent lawyers) are employed to invent some 
| theory or principle which can be shown as common to 
that and the subsequent invention and to make the 
latter infringe upon the former. Carried out to its 
logical conclusion, this doctrine would stop all inven- 
tion the moment a patent for any new thing had once 
been granted. The doctrine of the correlation of 


universal in application that there is no difficulty in i 
showing that every invention is founded upon a_ theo- 
retically identical law. The present case is a complete 


forces is now so broad, so generally received and _ so 
| 


illustration. Mr. Bell invented a process, so to call it, 
for the utilizing of magneto currents. His first con- 
ception, free from form, is that magneto currents would 
produce certain results. His practical invention is of 
a machine to utilize them. Now, his counsel claim 
that when he described in his patent only a method by 
which magneto currents could be generated by the 
action of the voice, he also informed the world that the 
same result could be attained by the introduction of 
& microphone in a continuous voltaic current, when 
there is in the patent not the faintest suggestion that 
anything of the kind could be done, and because the 
sune “mathematical conception” may be invoked to 
explain the phenomena in each case. 

Again turning to Mr. Bell’s preliminary statement 
(p. 2075), we find him saying that he was led to the 
“ coneeption of ‘a method’ of transmitting simulta- 
neously along a single circuit a number of distinct tele- 
graphic messages, by means of musical sounds.” 

7" o * Fee plan which he conceived was to use 
transmitting instruments of different pitch, &c., and he 
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then describes a magneto “ method” or “ plan.’ 

We do not desire here again to repeat extracts and 
references to the testimony of Mr. Bell and his wit- 
nesses, showing the sense in which he used the word 
“ method,” and what he meant by it. We must, how- 
ever, refer to a few, and trust that the Court, in reading 
the testimony of Mr. Bell, will bear in mind its rele- 
vancy to the construction of the term ‘‘ method,” as 
used in his patent. | 

In his letter of August 14, 1875, to Mr. Hubbard 
(pp. 1617-18), he dwells emphatically on the magneto- 
electric current as 77 contrast to making and breaking, 
and as the thing to be protected bv caveat or patent, 
no matter how produced. 

On page 1660, Mr. Bell was deseribing his ment:l 
state in the summer of 1874, and says that he was 
firmly convinced that speech would be produced by the 
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apparatus he had “devised,” but he thought the vi- 
brations produced would be too minute to be per- 
ceived as sound by the unassisted ear. At that time 
he proposed to take advantage of magneto-electric 
currents produced by the vibration of an armature 
actuated by the voice of a speaker, so that the electri- 
eal current employed would be produced by the action 
of the voice itself, and not independently of it. He is 
so far clearly referring to the magneto method de- 
scribed in his patent. 
He refers to some difficulties, and then adds : 


‘* During the winter of 1874 and spring of 1875, this feeling led 
me to seek some ‘‘ method” by which the voice, instead of pro- 
ducing the electrical current used, should merely modify a current 
produced by other means.” 


He then describes his wire experiment, and adds : 
‘“T was still carrying on experiments and researches 
regarding this method,” when the accidental discovery 
of June 2d, 1875, turned him back to his first magneto 
method. 

On page 2074 he says that in developing his plan of 
multiple telegraphy certain difficulties made their ap- 
pearance. ‘That plan, as we have seen on the preced- 
ing page, was the use of transmitting instruments of 
different pitch to actuate receivers of corresponding 
pitch. He then says that he devoted himself to devis- 
ing means to overcome these difficulties, and in stating 
what he did, goes on to say that he “ then saw that 
two similar instruments might be placed in a circuit and 
that the vibration of the armature of one would produce 
corresponding vibrations in the armature of the other, 
It will be understood, of course, that 
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both armatures were to be tuned to the same pitch. I 
then conceived the plan of attaching a number of 
springs of different musical pitch to each pole of a per- 
manent horse-shoe magnet, so that the two sets of 
springs should le in parallel planes.” 


dl4 


It does not need argument here to show that by the 
words or phrase “ the plan ” Mr. Bell there meant, not 
the mere effect of the transmitting instruments upon 
the electric current in the line wire, but he me ant the 
whole thing, that is, the plan or method by which the 
result should be accomplished, which included the 
transmitting instrument, the connecting wire and the 
receiving instrument. My. Bell then goes on to narrate 
historic: ally the mental processes by which he arrived at 
the idea, as stated on page 2076, that a single armature 
might be used instead of the many armatures of his 
transmitting instrument, which might be put in motion 
in such a way as to induce directly a current which 
should correspond to the resultant current due to the 
vibration of the armatures, which should respond to 
the —_ ‘mental and overtones of the sound, and then 
says: “ The question then arose in my mind whether 
an armature might not be set in motion by amembrane 
similar in shape and structure to that in the human ear, 
so as to produce a curre nt which should correspond to 
the vibrations of the air.’ That he did not at this time 
devise any method of combining “a menbrane with an 
armature. 

The Court will notice that Mr. Bell here clearly and 
plainly uses the word “method” with respect to the 
mode or manner of effecting electrical action and with 
respect to the combination of a memvrane with an arm- 
ature as the means or method whereby electrical action 
should be created by the action of the voice ; or, im more 
direct terms, should be created by the voice itself. He 
says, on page 2077, that he never constructed these in- 
struments which he had devised, referring, as he says, 
to the instruments made up of a number of armatures— 
because he thought that the magneto current would be 
too weak to produce any useful effect. But the Court 
will note that while he had, in his own language, “ de- 
vised” the instruments with many armatures, but not 
constructed them, he says himself at the foot of page 
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2076, that he had not vet even devised any method of 
combining a. membrane with an armature. Subse- 
quently, and in his patent, and as a consequence of the 
experiment of June 2, 1875, he did devise this method, 
and when we find in the fifth claim of his patent the 
claim for a method, if we look back at the history of his 
mental processes described by himself in his own lan- 
guage in a paper prepared with the utmost care as the 
preliminary statement in his interference case, we 
find what use he attaches to the word method, and 
what he means when he speaks of his method in the fifth 
elaim; that is, he means the method which he had not 
devised when the theoretical conception first occurred 
to him, but which he subsequently did devise ; that is, 
the method of combining a membrane with an armature 
in order to produce a current which should correspond 
to the vibration of the air. On page: 2077 he 
says that he did, however, shortly after his return from 


Canada, have several interviews with Dr. Blake for the 
purpose of showing him the experiments he had made 
and of obtaining further information with regard to 
the structure and mechanism of tlhe human ear, to aid 
him in his efforts to devise a method of producing roecal 
sounds electrically, and that they carried on a series of 
experiments to obtain tracings of the vibrations of the 
bones of the human ear. ‘The Court will note here the \ 
sense in which the word “ method” was used by Prof. f 
Bell. It certainly was not what his counsel would now 
have us believe is the sense of the word in the fifth 
elaim:; that is, the mere existence of electrical undula- 
lations corresponding with the aerial undulations, be- 
cause that idea was already, according to Prof. Bell 
himself, clear and distinct in his mind, and the only 
difficulty in his mind with the practical realization of 
that idea was that the electrical currents would be too 
weak to produce practical results. The aid, therefore, 
that he was invoking from Dr. Blake was in finding or 
devising a method of making these sounds of practical 
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use, or, to use his own language, a method of producing 
vocal sounds electrically ; and the experiments made 
by them and the devices explained were all methods 
for the practical production of these sounds, and no 
discussion or investigation seems to have been had by 
or between either of them with reference to the mere 
question of the theoretical sufficiency of magucto-in- 
duced currents to produce the desired results ; the 
question was some practical means or method for car- 
rying the conception into effect. 

At the bottom of page 2078, Mr. Bell makes a some- 
what important statement. He again says that he had 
an apprehension or belief that the magneto-currents 
would be too weak to produce audible results, and that 
his thoughts were directed to utilizing the current de- 
rived from a battery, the strength of which should be 
made to vary by varying the resistance of the circuit 
through which it was passed. It must be remembered 
that this statement was made in November, 1878, after 
the magneto-telephone had been in existence for a con- 
siderable period of time, and after Mr. Hughes and Mr. 
Edison had invented the microphone, and he uses 
terms which had then become popular. Headds: ‘I 
sought to discover some method of varying this resist- 
ance proportionally to the varying vibration of the 
air.” 

The Court will notice the clear meaning of the term 
“some method ” in this connection; the other method 
or plan to which he had been theretofor referring in 
this preliminary statement, had been the method or 
plan of producing the electrical currents by the voice. 
In contrast to that method or plan of which he had be- 
fore been speaking, he now speaks of some method of 
varying the resistance proportionally to the varying 
vibration of the air. He then goes on to quote from 
his letter of May 4, 1875, wherein he had spoken of the 
vibration of the wire through which an electrical cur- 
rent was passing, as varying the resistance to the cur- 
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rent by the varying tension of the wire during its 
vibration, and that if such should turn out to be the 
fact, one consequence would be that the fimbre of a 
sound could be transmitted, and then adds, as contrast- 
ing two plans or methods: ‘“ 7’e plan for transmitting 
timbre that I-explained to you before, viz., causing 
permanent magnets to vibrate in front of electro-mag- 
nets is chiefly defective on account of the feebleness of 
the induced currents. If the other plan is successful 
the strength of the current can be increased ad libitum 
without destroying the relative intensity of the 
vibration.” | 

We again call the attention of the Court to the em- 
phatic manner in which Mr. Bell here contrasts the two 
plans or methods for transmitting timbre—one the mag- 
neto-electric and the other the varying-resistance. He 
describes them as two plans or two methods distinct 
and different, and refers to the advantages and disad- 
vantages of either. 

Now, in addition to these affirmative proofs of the 
sense in which Mr. Bell used the word “ method,” we 
have in this same preliminary statement two facts nega- 
tive in their nature and which are inconsistent with the 
idea not only that he intended any such broad signifi- 
sation as is now given to the term by his counsel, but 
even with the idea that he intended or supposed this 
instrument was for any other purpose than a multiple 
telegraph. Both of these statements are found on page 
2078 ; the first is that he had the impression on his 
mind that a stretched membrane would have a rate of 
vibration peculiar to itself. Assuming that to be so, 
and remembering that in his patent he describes figure 
7 as another mode of imparting vibration to the arma- 
ture, it would seem plain beyond controversy that in 
describing figure 7 and its mode of operation and method 
Mr. Bell was referring to the method or manner by 
which motion could be imparted to the armature by 
attaching it to a membrane and causing a sound in the 
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immediate neighborhood of the membrane. 
fact is the statement that at the time Mr. Bell had no 


idea of the extreme minuteness of amplitude which 


could produce a sound. 


The other 


That minuteness we now know 


is expressed in figures of whose minuteness the mind 


ean form no practical 


conception, being from one 


2-1000ths to one 10-1LO000ths of an inch. 


Bell’s mind have been in any degree enli 


Nor 


ohtened upon 


Cc 


could Mr. 


this point by the experiment of June 2, 1875; for in 


that case the transmitting reed was plucked, thus giv- 


ing it a vastly larger vibration than any which could be 


imparted to it by the voice, and the receiving reed vi- 


brated visibly, thus vibrating with an amplitude vastly 


larger than could be imparted to it by the voice. There 


was nothing, therefore, in that experiment to disabuse 


Mr. Bell’s mind of the idea that vibrations caused by 


the voice would be too minute to produce audible 


sounds. 


If now we turn to the patent 174,465, we are rein- 


forced in our idea as to the meaning ascribed by Mr. 
the method to 
He begins his 
specification by the statement that in prior letters 


sell to 


which 


the word ‘‘ method” and as to 


he referred 


in 


his fifth claim. 


patent he had described “a method of and apparatus 


for transmitting two more telegraphic signals,” and he 


there deseribes the method as the employment of trans- 


mitting instruments each of which occasions a succes- 


sion of electrical impulses differing in rate from the 


others, and of receiving instruments each tuned to a 


certain pitch, and of vibratory circuit-breakers operat- 


ing @ morse sounder or register placed in the local cir- 


cuit. 


He states that upon that plan he has found that 


the limit to the number of signals is very speedily 
reached, and givesthe renson. He then 


Says 


that his 


present invention consists in the employment of vibra- 


tory or undulatory currents of electricity in contra- 


distinction to a merely intermittent or pulsatory cur- 
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rent, and of a method of and apparatus for producing 
electrical undulations upon the line wire. 

We ask the Court to note here the use of the phrase 
“of a method of;” it is his method of producing undu- 
lations which Mr. Bell states is his invention. This is 
in precise accord with the use given by him to the term 


in his oral testimony and in his printed statements, 


both before and after the patent. After having given 
sundry illustrations of the difference between an un- 
dulatory and intermittent current of electricity, the 
employment of the former of which Mr. Bell had stated 
to be part of his invention, he says that, ‘‘ There are 
many ways of producing undulatory currents of elec- 
tricity dependent for effect upon the vibrations or mo- 
tions of bodies capable of inductive action; a few of 
the methods that may be employed he will there spec- 
ify.” He then goes on to describe a variety of ways in 
which undulatory currents of electricity may be ef- 
fected ; he then adds, “ In illustration of the method of 
creating electrical undulations, I shall show and de- 
seribe one form of apparatus for producing the effect.” 
And he preceeds to describe figure 5 of the patent. 
Now, he had already said that his invention consisted 
in the employment of an undulatory current and of @ 
method of producing electridal undulations. After 
speaking ina general way then of many methods by 
which electrical undulations might be produced, he illus- 
trates the method—that is, the method invented by him 
—by description of figure 5. 

In no part of his patent does Mr. Bell give us any 
other statement of what it is that his invention con- 
sists than the one already quoted; that is, that it 
consists of the two elements—the employment of an 
undulatory current of electricity, and of a method of 
producing electrical undulations, together with an 
apparatus for that purpose. This view of the 
meaning of Mr. Bell is strengthened when we 
look at the claims. The first claim is directed to secur- 
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ing the use of an undulatory current for setting in 
motion a receiver ; the second is for the combination 
of a permanent magnet with a closed cireuit; the third 
claim first uses the word “ method” and it is for “ the 
method of producing undulations in a continuous vol- 
taic current by the vibration or motion of bodies capa- 
ble of inductive action, or by the vibration or motion 
of a conducting wire itself in the neighborhood of such 
bodies, as set forth.” The fourth is for the method of 
producing undulations in a continuous voltaic circuit 
by gradually increasing and diminishing the resistance 
of the circuit, or by gradually increasing and diminish- 
ing the power of the battery. These 3d and 4th claims 
beyond question, refer to methods in the abstract for 
producing undulations, there being no apparatus de- 
scribed for carrying the method into effect, and the 
method being described only in a_ general way. 
They refer to general statements in the specification 
preceding any description of apparatus, and in no way 
suggest the creation of undulations by sound waves. The 
fifth claim is for ‘“‘the method of and apparatus for 
transmitting vocal or other sounds telegraphically, as 
herein described, by causing electrical undulations simi- 
lar in form of the vibrations of the air accompanying 
the said vocal or other sounds, substantially as set 
forth.” Had the method herein referred to been dis- 
connected from any apparatus for, as in the preceding 
third and fourth claims, Mr. Bell undoubtedly would 
have deseribed it, as he did describe the methods of the 
third and fourth claims, to wit, the method of produc- 
ing undulations in a continuous voltaic cireuit similar 
in form to the vibrations of the air which should cause 
the vibrations of the transmitting instrument. In such 
‘case, his specification would doubtless have been dif- 
ferent. It would have been something to the effect 
that if the transmitting instrument were actuated by the 
voice, the receiving instrument would produce vibra- 
tions similar to those which caused the vibration of 
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the transmitting instrument, and the claim would 
then have been of ‘ the method of producing undu- 
lations in a continuous voltaic circuit similar in form 
to the vibrations of the air effecting the vibration of 
the transmitting instrument.” Such a description and 
such a claim would undoubtedly have referred, as the 
term ‘‘ method of,” used in the third and fourth claims, 
undoubtedly do refer to the particular means or method 
of producing the undulations. Claim 5th differs simply 
in that it describes or refers to an apparatus as well asa 
method, and therefore involved some change in the 
verbiage from that used in the preceding claims 5 and 
4. It will be noted, however, that the claim is of the 
method and apparatus as therein described. Now, 
when we turn to the description, we find absolutely 
nothing but a description of the apparatus and a state- 
ment of the result. The only method described is the 
method of attaching one extremity of the armature to 
the centre of a stretched membrane, the use of a cone 
to converge sound vibrations and the utterance of a 
sound into the cone. If there be anything else in the 
nature of method which is therein deseribed, it can be 
nothing but that which has theretofore been described, 
of the effect of the vibration of the armature in front of 
the pole of the magnet. This claim is not addressed 
to the undulatory current or to the closed circuit ; but 
even if it were, it could only refer to them as part of 
the method of producing electrical undulations by the 
vibration of an armature attached to a membrane. It 
cannot refer to the methods specifically pointed out in 
the third or fourth claims by the vibrations specified 
in the third claim or by the varying resistance specified 
in the fourth claim. We are absolutely shut up to the 
method described in the one paragraph on page 53, 
which is that, and only that, of vibrating the armature 
by means of a stretched membrane to which it is fas- 
tened, which membrane is to be put in vibration by 
sound, or by sound waves. 
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We submit that there is no principle in patent law 
more clear than that the claim must be construed and 
limited according to the description and the specifica- 
tion. The claim may be, and should be, limited by the 
specification, but on the other hand the specification, or, 
in other words, the invention, cannot be enlarged by the 
claim. We have elsewhere referred the Court to the 
doctrine and the cases on this point. 

Looking now at the specification, wherein are we 
told that the creation of electrical undulations similar | 
in form to the air vibrations caused by a sound will re- 


—— 


produce such sound at a receiver? How, or in what 
way does that specification inform the world that all 
that need be done to reproduce speech or to reproduce 
sounds is to cause electrical undulations similar in form 
to the air vibrations? Surely, the patent itself says no 
such thing ; 
the specification. But a method is pointed out in the 


—— 


_ 


surely no such method is pointed out in 


specification of quite similar character to the methods 
pointed out in other parts of the specification and_ re- 
ferred to in the other claims, whereby electrical undu- 
lations of a certain character may be produced ; that 


method, as we have before said, is the method of caus- 
ing the vibration of the armature by attaching it to a 
stretched membrane and then causing a sound in the 
neighborhood of the membrane. That is the method 
which any one reading it would naturally suppose was 
referred to and intended to be described, and that is 
the method which the claim refers to when it follows 
up the general phraseology of causing electrical undu- 
lations similar in form, &c., by the words “ substantially 


as set forth,” and which words, even if they were not 
added, would by the patent law be implied. It is also 
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well to remember that the words “ by causing electri- i 
-al undulations similar in form to the vibrations of the 4 
air accompanying the said vocal or other sounds” add 
nothing whatever to the description of method. The , 
practical question of invention was—How to do it?— \ 


a 
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not any theoretical explanation, or even any scientific 
explanation of the phenomena in and by which it was 
done. The method of the patent law is a practical 
method; it is the actual thing to be done by the opera- 
tor in order to effect the result. Method in the sense 
of the patent law can be only that operation which 
shall result in the thing desired, and in the practical 
sense of the patent law we have not advanced a step 
towards that result by any theoretical conception of 
how it may be done until some concrete action 1s in- 
vented and described. 

Now the concrete thing involved in this telephone 
was the keeping of the electric current under the con- 
stant control of the voice or of the sound. The only 
method applicable to the case, in the sense of the 
patent law, is a method which will effect, or may effect, 


or does effect that result. Mr. Bell invented a method | 


for effecting that result, which was the use of a closed 
circuit and the creation of the electrical current by the 
movement of a diaphragm actuated by the voice. That 
is his method’. This practical patent law method is in 
no way influenced or affected by any notion, correct or 
otherwise, as to the character of the current in the 
wire, whether it shall be similar in form to that of the 
air waves or not. In illustration we refer the Court to 
Cross-question and Answer 73, p. 645-644, of Prof. 
Morton : 


) 


‘*Q. Did it, in your opinion, require any invention or discovery 


to construct a closed-circuit telephone and to develop the mode of — 


operation therein contained, in view of the fact that Reis’ ap- 
paratus and Reis’ descriptipn were known to the public ? 

‘“ A. To produce a practically efficient closed-circuit telephone 
did, in my opinion, involve a great many inventions and discoveries 
in addition to all that was given to us by Reis; but it is also my 
opinion that among those inventions and discoveries this so-called 
invention or discovery, that the current in the wire must express 
undulations corresponding to those of the moving particles of air, 
was neither necessary nor important. Reis showed us how to trans- 
mit speech imperfectly ; various improvements, such as the use of 


a Sr pee na, peseeneeee ’ 


SS ERS NT OER ITS 
- anne + ee ‘i tka s 


o24 


carbon in the transmitter and the use of a metallic diaphragm in the 
receiver, were essential to make this transmission of speech practi- 
cally available. But, in my opinion, this practical development was 
in no way influenced by any notion, correct or otherwise, as to the 


character of the current in the wire.” 


If now we turn to the testimony in the case, we find 
that all the experts examined by the defendant agree 
in this: the method referred to in the fifth claim is, as 
we have said, the practicable, patentable method of 
effecting the result as shown in the patent; that is, 
the magneto method or the method of producing an 
electrical current by the action of a sound upon the 
diaghragm. ‘To extract this testimony would be to re- 
write the record. Prof. Channing, Prof. Young, Prof. 

Brackett, Prof. Morton all so testify, and a large part 
of their cross-examination is devoted to that subject. 
We submit their testimony to the Court in the hope 
that it may be thoroughly read and given such weight . 


, 


as it may deserve. We will make one single quotation 
from Prof. Young, on page 413, cross-question 70, in 


these words: 


‘‘ Ts not the method of the magneto transmitter in Bell’s specifi- 
cation to vary the strength of the current in accordance with the 
variation of the air waves in transmittinga sound? (A.) Thisis the 
effect of the transmitter as I understand it; the method by whieh the 
effect is produced is the production of electric pulses in the wire by 
a magneto-electric induction due to the action of an iron or steel ar- 
mature vibrating in front of the poles of a magnet.” 


Third. 


A further reason for restricting the construction of 


this patent to a claim for the magneto current or mag- 


neto telephone is found in the fact that if the claim is 


given the broad construction asked for it by the com- 


plainant, it would be void, as a patent for a theory. It | 
is said that a patent cannot be given for a principle. 
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This patent, upon the construction claimed for it by 
complainants, is far beyond a patent for a principle: it 
I ; ; 


is even, we submit, far beyond a patent for a theory, 


and ean properly be deseribed no otherwise than as a 


patent for an hypothesis. ‘The patent on the construc- 


tion claimed gives to the patentee a monopoly for trans- 
mitting vocal or other sounds by causing electrical un- 
dulations similar in form to the vibrations of the air 
accompanying the said vocal or other sounds. Now, the 
| method described is the causing electrical undulations; 
it is not only causing electrical undulations, but caus- 
ing electrical undulations similar in form, &e. This 
also, according to the complainants, is disconnected 


from any means or apparatus for effecting such undula- 
tions. If any one transmits sounds by effecting undu- 
ations similar in form, he, upon their theory, infringes 
that patent. That description, it is said, describes an 


“% art or a process which may be the subject of protection 
under the patent law. 

Now, Sir William Thomson, who is the great expo- 

nent of all that is righteous and holy, according to the 


complainants, describes this so-called art or process 

as a “mathematical conception.” His words are found 

on page 1799, and refer not at all to the device of 
figure 7, but to the later and more advanced inven- 
tions which were used by Mr. Bell at the Centennial. 
They are as follows: 


‘“ Who can but admire the hardihood of invention which devised 
such very slight means to realize the mathematical conception that 
if electricity is to convey all the delicacies of quality which dis- 
tinguish articulate speech, the strength of its current must vary 
continuously and as nearly as may be in simple proportion to the 
velocity of a particle of air engaged in constituting the sounds.” 


A drawing of the instruments to which Sir William 
| Thomson had reference is shown upon the same page. 
| The Court will note now that it is not what Sir 


William Thomson 


calls and deseribes as the znvention 
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of Mr. Bell, to wit, the very slight means shown in the 
drawings underneath, but it is the “ mathematical con- 
ception,” referred to by Sir William Thomson, that if 
electricity is to convey all the delicacies of quality, &c., 
the strength of its current must vary, &c., the monopoly 
of which is now claimed by Mr. Bell and his successors 
in the patent. 

On the preceding page, 1797, Sir William Thomson 
again expresses himself substantially to the same effect. 


He says: 


‘* Mr. Bell perceived that he must produce a variation of strength 
‘ of current in the telegraph wire as nearly as may be in exact pro- 
‘ portion to the velocity of a particle of air moved by the sound, 
‘and he invented @ method of doing so——a piece of iron attached to 
‘*a membrane, and thus moved to and fro in the neighborhood of an 
electro-magnet—which has proved perfectly successful.” 


- 
a 


And he then goes on to describe in more detail the 
method so invented. 

We now desire to call the attention of the Court to 
the condition of our knowledge, even after instruction 
by Mr. Bell, as to electrical phenomena. 

Prof. Morton (page 663, 141st answer) says: 


‘* 7 think it is universally admitted by all writers on this subject 
that we really have: no knowledge whatever as to the final cause of 
an electrical current or other electrical phenomena. As to the views 
entertained by the highest recognized authorities on this subject, I 
should refer in the first place toa passage in a work: entitled ‘A 
Treatise on Electricity and Magnetism,’ by Maxwell, in which he 
says: ‘It appears, therefore, that a system containing an electric 
‘current is aseat of energy of some kind, and since we can form no 


o 


conception of an electric current except as a kinetic phenomenon, 


° 


its energy must be kinetic energy; that isto say, the energy which 
‘a moving body has in virtue of its motion. We have already 
‘shown that the electricity in the wire cannot be considered as the 
‘moving body in which we are to find this energy, for the energy of 
‘a moving body does not depend upon anything extrinsic to itself ; 
whereas the presence of other bodies near the current alters its 
energy. We are therefore led to inquire whether there may not 
be some motion going on in the space outside the wire which 
is not occupied by the electric current, but in which the 


c 
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electro-magnetic effects of the current are manifested. I 
shall not at present enter upon the reasons for looking in one 
place rather than another for such motions, or for regarding these 
‘ motions as of one kind rather than another. What I propose now 
‘to do is to examine the consequences of the assumption that the 
‘ phenomena of the electric current are those of a moving system, 
‘the motion being communicated from one part of the system to 
} ‘ another by forces the nature and laws of which we do not yet even 
attempt to define, because we can eliminate these forces from the 
equations of motion by the method given by Lagrange for any 


+ 
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‘connected system.’ 


| I would also refer to a work entitled ‘ Electricity and Magnet- 

ism’ by Flemming Jenkins, in which, on page 1, I find as follows: 
| ‘There has been much wrangling as to the hypothesis of one or of 
| ‘two fluids. It is quite unnecessary to assume that the phenomena 
! ‘are due to one fluid, two fluids or any fluid whatever; but in this 
, ‘ treatise the names employed will be chiefly those which have been 


suggested to men of science, by thinking of electrical phenomena 
as due to the presence or absence of a single fluid.’ 
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\ ‘¢T would also refer to the work entitled ‘An Introduction to 
\ the Theory of Electricity’ by Linnaeus Cumming. On page 135 I 
; find as follows: ‘ We have explained above in connection with Far- 
i ‘ aday’s theory of induction the state of a medium acted on by elec- 


_ 


trical forces. We then established, first, that in each molecule 


there was a separation of electricity along the line of force through 


- 


the molecule, the quantity separated being measured by -—— unit 


— 


- 


of area where F is the resultant force at the point. 
‘“ * Second, that this electrical separation, produces or is pro- 
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duced by a strain in the medium along wae lines of foree, from 
which strain or state the medium tends to return to a neutral state 


‘ by a discharge from molecule to molecule through the medium. 


‘«* Third, that this discharge constitutes conduction, resulting 
‘in a transfer of the positive electricity separated to the place 
of lower, and of the negative electricity separated to the place 
‘ of higher potential, the lines of flow being the lines of force 
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In the testimony of Prof. Cross, answer to cross-in- 


‘ ‘and the quantity of electricity neutralized along a tube of force 4 
‘ being nikine iy 
2 i 
13 


terrogatory 43, in the Clay case, page 153, we find this 
statement : 


‘‘ Conventionally we may speak of one of these bodies as elec- 
trified positively, and of the other as electrified negatively, these 
terms being only mere conventions and not necessarily implying the 
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truth of any particular theory. If we connect one of these bodies 
with the other by a wire we find that this wire acquires temporarily 
certain properties which it does not possess under ordinary circum- 


stances. It will attract a piece of iron, or if it is coiled around an 
iron bar will render the bar magnetic. It will also deflect a compass 
needle from the north and south line if the wire is held parallel to 
the needle. The same effects will occur if either of the charged 
bodies is connected by means of a wire to the earth, or to an elec- 
trified body. We find that the charge of the electrified body under 
those circumstances rapidly diminishes to zero. It is evident from 
this, together with other facts, that some change is propagated 
along the wire, and in order to avoid circumlocution we imagine 
something which we call ‘ electricity’ to pass fromthe charged body 
through the wire, and speak of these actions which I have men- 
tioned, as due to what we call the ‘ electrical current.’ We assume 
conventionally that the current flows from the positively to the neg- 
atively electrified body. It is very probable that there is something 
to which we give the name ‘ electricity,’ which actually passes 
through the conducting wire along its molecules. From the ob- 
served effects of currents flowing in a wire upon magnets, and of 
magnets upon currents, we are led to infer the existence of vertical 
motions in the ether which surrounds all bodies. The phenomena 
of attraction and repulsion of charged bodies and of the reciprocat- 
ing action between magnets and currents of electricity has been ex- 
plained by Maxwell, asthe result of tensions and compressions, and 
existing in small rotated motions of the ether. Maxwell has shown 
that the various known electrical phenomena can be accounted for 
by supposing the existence of a pull along certain definite lines 
known as lines of magnetic force, and a thrust in the direction at 
right angles to this, and he accounts for the existence of this pull 
and thrust by forces called into play from the vertical or rotary 
motion of small particles or cells of the insulating medium through 
which electrical disturbances are propagated; when a current 
passes through a wire, that is, vortices are produced in the space 
about the wire. I think that scientific men generally are inclined to 
accept, provisionally at least, the views which I have stated as ex- 
plaining electrical phenomena. I prefer, however, in discussing 
electrical phenomena to avoid the assumption of any particular 
theory as to the nature of electricity. When I speak of a current 
of electricity as flowing through a wire, I mean it to be understood 
that the wire, in consequence of the electrical state in which it has 
been placed, exhibits various electrical and magnetic phenomena 
which, under ordinary conditions, it does not manifest. The con- 
dition assumed by the wire is capable of propagation from one point 
of the wire to another. We can also produce periodical changes in 
the condition of the wire, and hence in the magnitude of its elec- 
trical or magnetic effect. Variations, whether slow or rapid, 
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periodical or otherwise, in the magnitude of the electrical and 
magnetic phenomena manifested by the wire, we ascribe to similar 
variations in the electric current. We do not necessarily assume 
the truth of any particular theory in using these terms, but they are 
employed beeause of their well-known analogy which I have men- 
tioned and their universal use as understood by those conversant 
with electrical science. It is probable, however, that there is 
actually a flow of something to which we give the name ‘ elec- 
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tricity ’ through the wire. 


Again : 

‘* Not knowing certainly whether there is an actual propagation 
of something through the wire, I can answer the question only by 
assuming the truth of some hypothesis. It is quite probable that 
in any conductor particles of something quite distinct from ordinary 
solids, liquids or gases, pass along the wire; to this we give the 
name of ‘ electricity.” We are entirely ‘gnorant of its nature, but at 
the same time are capable of measuring, &e. * * * Nevertheless, 
we do not know what the mode of motion in the electrical current is, 
nor the nature of the material which moves. There is apparently a 
translation of something from place to place, but we know nothing 
whatever about the velocity with which the electrical current 
travels—which may be very great or very small—we have no means 
of knowing which.” 


Dr. Carl Seiler, examined in the Clay case, says : 


‘* The transmission of electrical action along or within a conduc- 
tor is to my knowledge neither explained nor understood by physi- 
Ologists and electricians. Various theories have from time to time 
been propounded to explain this transmission of an electrical action 
through a conductor, but none of them has been, to my knowledge, 
unanimously accepted as explaining the transmission. A current 
of electricity, so called, is not known to exist as a substance and is 
only evidenced by the action it produces upon certain instruments 
which are capable of being influenced by electricity. I therefore 
understood (understand) ‘current of electricity’ to mean the trans- 
mission of electrical action, however directed, from the end of a 
conductor to a distant point of this conductor. The term ‘current’ 
has been applied to this electrical action, and it is evidenced in the 
same manner as the sinusoidal curve has been employed to represent 
a sound wave; that is, as a convenient illustration easily grasped 
by the mind and on which different phenomena may be exempli- 
fied.” 


Dr. Seiler is asked on cross-examination, question 
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‘* In every case, is it not true that when the armature is set in 
vibration, electrical undulations are created on the line wire? (A.) 
[am not prepared to answer this question either in the aftirmative 
or in the negative, since I do not know what electrical undulations 
are. Electricity, as I understand, is not a substance, but what it is 
[do not know. I cannot conceive undulation to take place in or 
be produced by anything but a substance; I can therefore also state 
that I cannot conceive of electrical undulation, and would like to 
be understood that whenever ‘a current of electricity ’ or ‘ electrical 
current’ is employed by me in this testimony, it is a symbolic re- 
presentation, not electricity in itself. Ihave heard and made use 
of the expression ‘ undulatory current,’ distributing and changing 
the intensity of the electrical current, so called; but I have looked 
upon the expression merely as a makeshift to express something we 
know nothing about—a method by which electrical action is trans- 
mitted through a conductor.” 


We believe that there is no expert testimony in any 
of the cases in any degree in conflict with that above 
quoted. The value of suchexpressions as a convenient 
mode for describing certain phenomena we do not dis-’ 
pute; but we do dispute that this abstraction, this 
“mathematical conception,” this theory or hypothesis, 
can be the subject of a patent and that a claim for 
causing the existence of this ‘mathematical concep- 
tion’ in a wire is nota claim which can be sustained 
by the Courts. In this respect the case is totally dif- 
ferent from the case of Tighlman against Proctor in 
102 U.S. Reports. Neither the claim nor the process 
in that case was for any abstraction or mathematical 


conception. The process was that of subjecting cer- 


tain fatty substances to the action of water at a high 
temperature under pressure sufficient to prevent the 
formation of steam. The claim was the manufacture of 
fat acids and glycerine from fatty bodies by the action 
of water at a high temperature and pressure. 

The decision was that such manufacture was a process 
and that any person who effected the result of manu- 
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facturing fat acids and glycerine from fatty 
bodies by the action of water at a_ high 
temperature and pressure infringed, notwithstand- 
ing he might have used a different apparatus in 
sarrying out the process. That process effected certain 
chemical results; there was a form of matter existing 
prior to the application of the process; that form of 
matter, on being subjected to the process, experienced 
certain changes, and the product was the same matter 
which had existed prior to the application of the pro- 
cess, with such changes as had been effected in it by 
the application of the process. 

In the present case there is matter neither at the be- 
oinning nor the end. The so-called process or method 
claimed by the complainants to be described and in- 
tended 1s a process existing wholly in mathematical 
conception, and is not applied to anything, nor is there 
anything which is the result of its application. It is, 
on the contrary, quite analogous to the claim which 
was held void in the case of O'Reilly against Morse, 15 
Howard, 62. In that case, the eighth claim was for 
the “use as a motive power of an electric or galvanic 
“ current, which I call electro-magnetism, however de- 


ec 


veloped, for making or printing intelligible charac- 
“ ters, letters or signs, at any distance, being a new ap- 
“ plication of that power of which I claim to be the 
“ first inventor or discoverer.” 

On page 726 in the Tilghman and Proctor case, the 


Court say : 


‘The eighth claim of the Morse patent was held to be invalid 
because it was regarded by the Court as being not for a process, 
but for a mere principle. It amounted to this, namely: a claim of 
the exclusive right to the use of electro-magnetism as a motive 
power for making intelligible marks at a distance; that is a claim 
to the exclusive use of one of the powers of nature for a particular 
purpose. It was nota claim of any particular machinery, nor a 
claim of any particular process for utilizing the power, but a claim 
of a power itself, a claim put forward on the ground that the pat- 
entee was the first to discover that it could be thus employed.” 
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We submit that the fifth claim of this patent is 
substantially of the same character. We might use 
the language just quoted from the case of Tilghman 
against Proctor, page 726, substituting for the term 
‘“electro-magnetism ” the term ‘ electrical undula- 
tions,’ and it would be a perfect description of the 
fifth claim of Bell’s first patent. It would then read: 


‘‘Tt amounted to this, namely: aclaim of the exclusive right 
to the use of electrical undulations as a motive power for making 
intelligible signs at a distance. That is, a claim to the exclusive 
use of one of the powers of nature for a particular purpose. It 
was not a claim to any particular machinery, nor a claim of any 
particular process for utilizing the power, but a claim of the power 
itself, a claim put forward on the ground that the patentee was the 
first to discover that it could be thus employed.” 


The quotation made from the Morse case, on page 
727 in the case of Tilghman vs. Proctor, is equally ap- 
plicable and can be as readily transformed to suit this 


case, by the use of the terms “ electric undulations,” or 
“undulations,” instead of ‘ electric or galvanic current.” 
The quotation would then read : 


‘* He claims the exclusive right to every improvement where the 
motive power is electrical undulations, and the result is the making 
of intelligible sounds at a distance. If this claim can be maintained, 
it matters not by what process or machinery the result is accom- 
plished. For aught that we now know some future inventor in the 
onward march of science may discover a mode of speaking at a 
distance by means of electrical undulations, without using any part 
of the process or combination set forth in the complainant’s speci- 
fication. * * * In fine, he claims the exclusive right to use a 
manner and process which he has not described, and indeed had not 
invented and therefore could not describe, when he had obtained 


this patent.” 


The Court must remember that undulatory currents 
and electrical undulations were known long before the 
date of this patent. 

In the year 1833, Messrs. Gauss & Weber, of Gottin- 
ven, Germany, invented a telegraphic apparatus in 
which undulatory currents were employed. In 1840 
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Sir C. Wheatstone invented an instrument in which 
undulatory currents were used to operate a dial, which 
is shown in Exhibit No. 49, page 948, ef seg. Another 
method and apparatus in which undulatory currents 
are employed similar to those described by Mr. Bell in 
patent No. 174,465, is set forth in the Varley patent 
1044, page 917, e¢ seg. ‘* By my invention,” says Mr. 
Varley, ‘‘ [ superpose upon the current used for work- 
ing the ordinary telegraphs rapid undulations or 
waves. * * * And by a new apparatus hereinafter 
described, these undulations are made to produce dis- 
tinct and independent audible or other signals so long 
as these undulations are produced, whether ordinary 
signal currents be flowing or not.” 

Further on, the inventor declares that sound signals 
are not new, they having been commonly used in the 
step-by-step instrument of Wheatstone to indicate the 
dot and dash of the Morse alphabet. The harmonic 
telegraph of Mr. Gray also uses an undulatory current. 

Further than this, it will be seen that upon the con- 
struction claimed by complainants this claim is sub- 
stantially a claim for effecting the result, no matter by 
what means or in what manner. <A claim for transmit- 
ting sounds telegraphically by causing undulations, «c., 
is substantially neither more nor less than a claim for 
transmitting sounds telegraphically by means of elec- 
tricity. That in and by itself is a mere statement 
of the problem. Bell so regards it in his letter of 
August 14, 1875. He says: “ Where we can create 
a pulsatory action of the current, which is the exact 
equivalent of the aerial impulses we shall certainly ob- 
tain exactly similar results” (p. 1618). As we have 
seen, the term, ‘ electrical undulations” means 
nothing in and by itself. The claim, then, must 
mean a Claim for transmitting sounds telegraph- 
ically by so affecting the line wire that the receiver 
will produce vibrations similar to those of the trans- 
mitter. By using a term without meaning, assum- 
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ing to describe wholly unknown phenomena, nothing is 
gained and no advance is made. The problem before 
Bourseul and Reis was just exactly the problem stated 
by Bell—to wit, so as to affect the line wire by the ac- 
tion of the transmitter that it in turn would so affect 
the receiver as to cause air vibrations similar to those 
at the transmitter. The patent gives no hint or sug- 
gestion that this can be done in any other way than in 
the way pointed out by the patent. If we turn to the 
specification of the patent, it contains absolutely noth- 
ing to indicate to any person that anything has been in- 
vented or discovered by the patentee other than the 
function and result of the action of the machine as a 
whole deseribed by him. He begins by describing it 
as another mode for effecting a prestated result, and 
his description is that of a machine, and only of a ma- 
chine. His claim must be construed in connection 
with his specification, and, being so construed, it is 
either a claim for the result or object endeavored to be 
attained by his machine, in which case it would be void, 
or it must be limited to the particular machine or pro- 
cess described in the specification. 

There is another aspect of this patent, pursuant to 
which we submit it must be held void as a patent for 
the new art or process of transmitting speech. That 
art or process is not described in the patent. By the 
patent laws, “ any person who has invented or discov- 
ered any new and useful art, &c., may obtain a patent 
therefor.” The patent when granted must contain suf- 
ficiently clear and definite instructions how to make or 
operate the machine, or how to practice the art, so that 
one skilled in the art may be able to make and con- 
struct without further aid than such as is derived from 
the patent the particular thing. In Wakeman vs. Cor- 
coran, Law Rep., 15 Chane. Div., page 65, the familiar 
rule of law is stated that “ the specification of a patent 
is bad if a skilled mechanic would not, without per form- 


ing a series of experiments, he able to construct the 
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machine from the description.” And on page 72, Fry, 
Justice, says: ‘The patentee must state not merely 
the problem which is to be solved, but the mode of 
solving it.” 
See also 
Tyler vs. Boston, 7 Wall, 327. 
Wood vs. Underhill, 5 How., 1. 


Now, the monopoly granted by the patent law is not 
a gift ; it is intended to be a quid pro quo. It in effect 
very seriously limits the freedom which all citizens but 
for it would have, to make any and every machine, and 
prosecute any and every industry. It, however, does 
that only upon the theory that some knowledge and in- 
formation has, as the equivalent, been given to the pub- 
lic. 

In looking at this branch of the subject, we beg the 


Court to bear in mind the testimony of Mr. Cross, on 


page 81, in answer to the 44th, 45th and 46th interrog- 
atories, to the effect that at the date of this patent the 
art of transmitting the characteristic pitch of a musical 
sound, including the pitch of a sound produced by the 
voice, was known. ‘The testimony also shows that such 
art had been availed of in various ways; all multiple- 
telegraphic, all harmonic-electrical instruments were 
founded upon it; yet Prof. Cross says that the practi- 
cal realization of an instrument which could transmit 
the three characteristics of pitch, intensity and quality 
of a musical sound would not necessarily have involved 
the practical realization of the transmission of articu- 
late speech. In other words, an inventor might have 
availed of some inethod or process or apparatus for the 
transmission of these three characteristics of sound, in 
order to effect, and for the very purpose of effecting, 
the same results which had been theretofore ‘less satis- 
factorily effected by instruments which transmitted only 
pitch. Of course, the more complex the results effected 
by any instrument, the more available would it be for 
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ing to describe wholly unknown phenomena, nothing 1s 
gained and no advance is made. The problem before 
Bourseul and Reis was just exactly the problem stated 
by Bell—to wit, so as to affect the line wire by the ac- 
tion of the transmitter that it in turn would so affect 
the receiver as to cause air vibrations similar to those 
at the transmitter. The patent gives no hint or sug- 
gestion that this can be done in any other way than in 
the way pointed out by the patent. If we turn to the 
specification of the patent, it contains absolutely noth- 
ing to indicate to any person that anything has been in-. 
vented or discovered by the patentee other than the 
function and result of the action of the machine as a 
whole described by him. He begins by describing it 
as another mode for effecting a prestated result, and 
his description is that of a machine, and only of a ma- 
chine. His claim must be construed in connection 
with his specification, and, being so construed, it is 
either a claim for the result or object endeavored to be 
attained by his machine, in which case it would be void, 
or it must be limited to the particular machine or pro- 
cess described in the specification. 

There is another aspect of this patent, pursuant to 
which we submit it must be held void as a patent for 
the new art or process of transmitting speech. That 
art or process is not described in the patent. By the 
patent laws, “ any person who has invented or discov- 
ered any new and useful art, &c., may obtain a patent 
therefor.” The patent when granted must contain suf- 
ficiently clear and definite instructions how to make or 
operate the machine, or how to practice the art, so that 
one skilled in the art may be able to make and con- 
struct without further aid than such as is derived from 
the patent the particular thing. In Wakeman vs. Cor- 
coran, Law Rep., 13 Chane. Div., page 65, the familiar 
rule of law is stated that ‘ the specification of a patent 
is bad if a skilled mechanic would not, without per form- 


ing a series of experiments, he able to construct the 


machine from the description.” And on page 72, Fry, 
Justice, says: ‘The patentee must state not merely 
the problem which is to be solved, but the mode of 
solving it.” 
See also 
Tyler vs. Boston, 7 Wall, 327. 
Wood vs. Underhill, 5 How., 1. 


Now, the monopoly granted by fhe patent law is not 
a gift; it is intended to be a guid pro quo. It in effect 
very seriously limits the freedom which all citizens but 
for it would have, to make any and every machine, and 
prosecute any and every industry. It, however, does 
that only upon the theory that some knowledge and in- 
formation has, as the equivalent, been given to the pub- 
lic. 

In looking at this branch of the subject, we beg the 
Court to bear in mind the testimony of Mr. Cross, on 
page 81, in answer to the 44th, 45th and 46th interrog- 
atories, to the effect that at the date of this patent the 
art of transmitting the characteristic pitch of a musical 
sound, including the pitch of a sound produced by the 
voice, was known. ‘The testimony also shows that such 
art had been availed of in various ways; all multiple- 
telegraphic, all harmonic-electrical instruments were 
founded upon it; yet Prof. Cross says that the practi- 
cal realization of an instrument which could transmit 
the three characteristics of pitch, intensity and quality 
of a musical sound would not necessarily have involved 
the practical realization of the transmission of articu- 
late speech. In other words, an inventor might have 
availed of some method or process or apparatus for the 
transmission of these three characteristics of sound, in 
order to effect, and for the very purpose of effecting, 
the same results which had been theretofore less satis- 
factorily effected by instruments which transmitted only 


pitch. Of course, the more complex the results effected 
by any instrument, the more available would it be for 


336 


the purposes of multiple-telegraphy, or for any purpose 
in the way of conveying signals by electricity. 

Now, we submit that if Prof. Bell had really, at the 
date of his patent, discovered or invented the new art 
of transmitting speech, in contrast to the transmitting 
of audible signals, he was bound to set it forth fully 
and clearly and beyond all controversy, so that ‘ he 
who runs might read.” If he has not done so; 
if, on looking at his patent, any man of ordinary 
skill in the sciences of acoustics and electricity 
at the date of the patent would not know that 
that art had been discovered, and would not know 
without a series of experiments how to construct the 
apparatus, and how to use it when constructed, we 
submit that the patent is void for lack of sufficiency of 
description. If, on the other hand, Mr. Bell did not 
know, at the date of his patent, that his so-called 
“method” or apparatus would transmit articulate 
speech ; if, in other words, he had not then invented 
the art of transmitting speech, but if he hoped that it 
might be invented, and if he deliberately used language 
which by the light of subsequent discoveries and in- 
ventions might be held broad enough to cover such 
subsequent invention or discovery, but which was not 
in itself sufficiently plain to disclose such invention or 
discovery to others of ordinary skill in the art, then, we 
submit that the patent is also void for fraudulent con- 
cealment. 

Prof. Morton, in testifying on this point, said that there 
was nothing in the patent 174,465 describing or sug- 
gesting the transmission of articulate speech ; that what 
figure 7 did describe and suggest was a singing or non- 
articulating telephone. Being asked (page 651, cross- 
question 101) : 


“Then, you think that when Mr. Bell said that the human voice 
might be uttered into A, and that a similar sound to that uttered 
into A might proceed from L, he only meant that to be true in case 
the human voice was sung, as you understood the entire language ? 
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‘‘A. Beyond a question that and only that is precisely what that 
phrase means, taken in its existing connection. What Mr. Bell 
knew at the time is the best test of what he meant. According to 
his own testimony, as [ recollect it, he had never heard a word 
transmitted through such apparatus at the time this patent was 
drawn. If, on the other hand, he had succeeded in this direction 
and knew that the apparatus would operate as a speaking telephone, 
then I should be unwillingly obliged to conclude that he had de- 
liberately used language intended to conceal what he knew and to 
mislead the public.” 


Mr. Park Benjamin, in speaking of the peculiarities 
of patent 174,465, on page 2123, says : 


‘*From all I can gather from his (Prof. Bell’s) testimony, and 
from his statements in his patent, he seems to have known what 
had been accomplished in the way of transmitting sound by elec- 
tricity, and I cannot conceive of anyone having such knowledge 
deliberately leaving out in a patent the specific reference to a capa- 
bility of his instrument whereby would have been effected, had it 
been present, such an enormous advance in the art, or even his 
leaving the same to be discovered by inference at a later day; and 
in the list of advantages which I have quoted (referring to the bene- 
fits stated by Bell in his patent to be derived from the invention) 
he makes no mention of this, which would have been immeasurably 
the greatest of ail. He says in his specification that the sinusoidal 
curve A and B, figure 4, represents graphically the electrical undu- 
lations induced in the circuit by the vibration of a body capable of 
inductive action, and adds nothing to show that he does not intend 
the curve to represent a// the vibrations induced, so far as he in- 
tended them to be transmitted.” 


Now, in respect to machines, the law at the date 
of Bell’s patent required the deposit of a model 
as a condition precedent to the issue of a patent ; 
and when the thing invented is imsusceptible of 
being exhibited by a model, its description must be 
adequate. When the thing claimed im the patent 
purports to be a new art, the doing of something which 
has never before been done in any way, certainly the 
very highest possible grade of definiteness in specifica- 
tion and description is required. That new art should 
be expressed in no covert or ambiguous terms ; its 
scope should be clearly defined, and all which is not 
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thus defined and found to be integral to the new art 
must be deemed to be abandoned. Applying this rule 
to the patent 174,465, and treating it as a patent in- 
tended to cover the art of transmitting -articulate 
speech, where do we find by designation or description 
any intimation that the processes there described are 
applicable to or intended to be applied to that specific 
thing, the transmission of articulate speech? The 
patent is described as for an improvement in tele- 
vraphy. The specification begins with the statement 
of the invention of certain new and useful improve- 
ments in telegraphy ; it recites certain patents and in- 
ventions theretofore made by Mr. Bell in the way of 
multiple-telegraphy; it recites the improvements in 
the art of multiple-telegraphy which he supposes to be 
made by the invention there described. He says that 
the invention consists in the employment of a vibratory 
or undulatory current of electricity, in contradistinction 
to a merely intermittent or pulsatory current, and 
of the method of and apparatus for producing 
electrical undulation upon a_ line wire. He 
sets forth specifically and in detail the ad- 
vantages which he claims to derive from the use 
of his invention. They are, first, that a very much 
larger number of signals can be transmitted simulta- 
neously on the same circuit; second, that the closed 
circuit and single main battery may be used ; third, 
that communication in both directions is established 
without the necessity of special induction coils ; fourth, 
that cable despatches may be transmitted more readily 
(rapidly) than by means of an intermittent current, or 
by the methods at present in use ; fifth, that as the cir- 
cuit is never Lroken a spark-arrester becomes unneces- 
sary. He points out no other advantages to flow from 
the invention in that patent described. He describes, 
or rather refers to, several of the methods which may 
be employed for producing undulatory currents of elec- 
tricity. He then adds that he shall describe one form 


of apparatus for producing the effect, and he goes on 
to deseribe figure 5 and its combination as figure 6. 
He then refers to figure 7 as merely “ another mode 
whereby motion can be imparted to the armature by 
the human voice or by means of a musical instrument.” 
This figure 7 is not deseribed in any other manner, nor 
is any Other reference made to it than as “another 
mode of imparting motion to the armature” of figure 5, 
and as to the words, ‘the human voice,’ the maxim, 
‘“ noscitur a suctis,”’ applies, ¢. e., by the human voice 
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used as a musical instrument to create musical vibra- 
tions. If it be said that the description ‘states that a 
sound will be heard to proceed from L similar to that 
uttered into A, it must also be said that practically the 
same statement is made with regard to figures 5 and 6, 
because the inventor says with regard to them that 
they may be used for the simultaneous transmission of 
musical notes, differing in loudness as well as in _ pitch, 
and the telegraphic transmission of noises or sounds of 
any kind. 

It may be argued that if sounds of any kind could 
be transmitted by figures 5 or 6, then figures 5 or 6 
would transmit speech, quite as well, as it can be argued 
that because in regard to figure 7 it is stated that when 
the sound is uttered into A a similar sound will be 
heard to proceed from L, that, therefore, it will trans- 
mit speech. Figures 5 and 6 can now be made so as to 
transmit speech, but surely there is no indication in the 
patent that the inventor supposed or intended that they 
might or could be, or to instruct the public that they 
might or could be, used for such purposes. ‘True, the 
specification with regard to figure 7 mentions the simi- 
larity ot form, and the word ‘ form ” is not before found 
in the patent. Although, however, that particular 
word had not before then been used, yet the same thing 
had substantially been said when the patent told us 
that electrical undulations produced by the vibration of 
a body capable of mductive action could be represented 
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graphically without error by the same sinusoidal curve 
which expressed the vibration of the inducing body it- 
self, and that electrical undulations result from gradual 
changes of intensity exactly analogous to the changes 
in the density of air occasioned by simple pendulous 
vibrations. When in relation to figures 5 and 6 he 
told us that the electrical action could be represented 
by the same curve, and was represented by the same 
curve which represented the action of the inducing 
body, he substantially said that the two curves were 
similar in form. Mr. Pope Dowd, Record, 333 ; Over- 
land, 3118, Ans. 21, says: “ The term ‘form of vibra- 
tion,’ when used in the scientific sense, I understand to 
refer to the form by which these vibrations may be prop- 
erly and correctly represented graphically—that is, by 
diagram.” There is nothing in the patent to indicate that 
the similarity in form referred to in respect of figure 7 
is in any degree different from the similarity in form 
referred to in respect of figures 5 and 6. Was not the 
inventor bound in common fairness and honesty to state 
clearly, if he so meant it, that the form here referred to 
was Other and different than the similarity of graphic 
representation before referre: to? And can it be said 
that the inventor complied with the rule of clearness 
and perspicacity when, instead of definitely saying that 
this figure 7 was calculated to transmit speech, he 
simply pointed it out as another mode of vibrating the 
armature of figure 5? 

That the inventor did not feel that his description 
of Fig. 7 was sufficient for the purpose, is apparent 
from the very different description he gives of these in- 
struments as improved in his patent 186,787 and in his 
English patent. In both of these patents he describes 
the sound heard at the receiver as the fac simile of that 
made at the transmitter—not as “ similar in form,” and 
adds that “ hence ” it is adapted to transmit speech. 

Assuming that this great discovery of the art of 
transmitting speech is to be found in this patent, why 
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should the public be left to dig it out by inference and 
deduction in this manner? Why should the patentee 
claim the benefits of the monopoly on his side, when he 
has failed in clear, precise and express language to 
‘divulge to the public the art for which he claims the 
monopoly ? When Mr. Bell had the idea clearly in his 
mind, he was able enough clearly to express it. In his 
patent of 1877 and in his English patent there is no 
doubt or obscurity in the description ; speech is clearly 
and in terms described. Why should the public be left 
to grope in the dark at the time of the original and 
creat invention, when they are taken in hand and led 
with light of the clearest briliancy in respect of the 
more detailed inventions described in the subsequent 
patents ? 

The reason is tolerably clear. Either Mr. Bell has 
not described and did not intend to deseribe anything 
like the transmission of speech in his first patent and 
merely intended figure 7 as in his patent he has de- 
scribed it, as another mode of imparting motion to the 
armature, or else, as Prof. Morton says, he deliberately 
intended under vague general terms to include some- 
thing which he had not yet invented, which not being 
clear in his own mind he could not disclose to the pub- 
lic, but which he hoped under the guise of a principle 
to secure to himself and to cover whatever means or 
method for applying it might be subsequently invented 
either by himself or by others. He was like Galileo 
when he first saw, as he thought, that Saturn consisted 
of three spheres close together, the middle one being 
the largest. He was not quite sure of the fact and was 
ina dilemma between his desire to wait longer for 
further observation and the fear that some other ob- 
server might announce the discovery if he hesitated. 
To combine these incompatibles, to announce it so as 
to secure the priority, and yet not to announce it until 
he was ready, might seem to present as great a diffi- 
culty as the discovery itself; but Galileo solved it, as 
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would be to block the path to all future progress in the line of 


milling.” 


We may add here, that if this had been known as 
Mr. Bell’s invention, and that the existence of this 
patent would cut off where it stood all future progress 
in the art of transmitting speech, and if we assume 


that all men were guided by the same practical busi- 


ness principles which actuated Mr. Bell in securing for 
himself the practical results of his inventions rather 
than the mere acquisition of scientific fame—the mi- 
crophone, the Blake transmitter and all other improve- 
ments whereby the telephone of to-day has become a 
practically beneficent thing for human intercourse and 
convenience, would never have been invented. Why 
should we go on and invent and improve, these men 
would say, when Mr. Bell, by means of this vague de- 
scription which he has given, can stop the use of our 
inventions? ‘The field of invention would have been 
given over exclusively to Mr. Bell, and on him alone we 
should have had to depend. When the time of his 


patent had expired, we would have been in the same 
condition of blissful ignorance as to what to do with 
ficure 7 as Mr. Bell and Mr. Watson were at the time 
the specification of Patent 174,465 was filed. 


Fourth. 


THe DEFENDANTS DO NOT INFRINGE. 


The attention of the Court is called to the peculiar 
character of the defendant’s transmitter. A drawing of 


it is shown on page 156 of the record. It consists of 


the hub of a earbon-wheel with eight carbon spokes. 


The spokes consist of rods of carbon fitting loosely into 


sockets in the hub and into sockets in carbon blocks at 
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the outer end. Four of such carbon blocks at the outer 
encls on each said are connected by a strip of copper. 

The whole is fastened to a piece of sheet-cork, or other 
non-resonant material. ‘Tio one of these strips of 

copper a wire connecting with the positive-pole of the 

battery 1s connected, and to the other the wire connect- 

ing with the negative pole. The current passes into 

one of the strips of copper through each of the spokes 

into the hub, into the corresponding spokes and into 

the other strip of copper and into the wire. As one 

speaks against that cork it is jarred or shaken, mole- 

cularly or otherwise, and the several carbon-rods on 

each side are affected by such jarrmg or shaking in 

such manner that the voltaic current passing through 

this circuit so affects the magneto-receiver at another 

point on the circuit that speech is produced. How it 

so effects the result no person can tell. It is all very 

well to say that by increase or diminution of the current 

passing through these spokes of carbon electrical un- 
dulations are produced corresponding to the air waves’; 

that does not give us any notion whatever as to what 

takes place. Weare not one hair’s breadth further 
advanced than when we say that by speaking to the 

cork diaphragm such result is produced that one 

stationed at the receiver hears. A number of experts 

whom we have examined—Prof. Morton, Prof. Biackett, 

Prof. Channing, Prof. Young, and others—-say that it 

is impossible to tell what takes place in the wire, or by 

what means speech is actually produced. They all say 

that in all probability there is more or less rupture of 

contact; or, in other words, more or less make and 

break of the electrical current passing through the 

spokes of the wheel. That the electric current is wholly 

broken so that no current is passing along the whole 
line may ‘not be true; and yet whocan say that it 
is not? That the result may be produced by the 
actual rupture and complete break of the current, 
say through one of the spokes or through a portion 
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would be to block the path to all future progress in the line of 


milling.” 


We may add here, that if this had been known as 
Mr. Bell’s invention, and that the existence of this 
patent would cut off where it stood all future progress 
in the art of transmitting speech, and if we assume 


that all men were guided by the same practical busi- 


ness principles which actuated Mr. Bell in securing for 
himself the practical results of his inventions rather 
than the mere acquisition of scientific fame—the mi- 
crophone, the Blake transmitter and all other improve- 
ments whereby the telephone of to-day has become a 
practically beneficent thing for human intercourse and 
convenience, would never have been invented. Why 
should we go on and invent and improve, these men 
would say, when Mr. Bell, by means of this vague de- 
scription which he has given, can stop the use of our 
inventions? The field of invention would have been : 
given over exclusively to Mr. Bell, and on him alone we 
should have had to depend. When the time of his 
patent had expired, we would have been in the same 


condition of blissful ignorance as to what to do with 
figure 7 as Mr. Bell and Mr. Watson were at the time 
the specification of Patent 174,465 was filed. 


Fourth. 


THE DEFENDANTS DO NOT INFRINGE. 


The attention of the Court is ealled to the peculiar 
character of the defendant’s transmitter. A drawing of 


it is shown on page 156 of the record. It consists of 


the hub of a carbon-wheel with eight carbon spokes. 


The spokes consist of rods of carbon fitting loosely into 


sockets in the hub and into sockets in carbon blocks at 


the outer end. Four of such carbon blocks at the outer 
ends on each said are connected by a strip of copper. 
The whole is fastened to a piece of sheet-cork, or other 


non-resonant material. To one of these strips of 


copper a wire connecting with the positive-pole of the 
battery is connected, and to the other the wire connect- 
ing with the negative pole. The current passes into 
one of the strips of copper through each of the spokes 


into the hub, into the corresponding spokes and into 
the other strip of copper and into the wire. As one 
speaks against that cork it is jarred or shaken, mole- 
cularly or otherwise, and the several carbon-rods on 
each side are affected by such jarting or shaking in 
such manner that the voltaic current passing through 
this circuit so affects the magneto-receiver at another 
point on the cireuit that speech is produced. How it 
so effects the result no person can tell. It is all very 
well to say that by increase or diminution of the current 
passing through these spokes of carbon electrical un- 
dulations are produced corresponding to the air waves ; 
that does not give us any notion whatever as to what 
takes place. Weare not one hair’s breadth further 
advanced than when we say that by speaking to the 
cork diaphragm such result is produced that one 
stationed at the receiver hears. A number of experts 
whom we have examined—Prof. Morton, Prof. Biackett, 
Prof. Channing, Prof. Young, and others—say that it | 
is impossible to tell what takes place in the wire, or by 
what means speech is actually produced. They all say 
that in all probability there is more or less rupture of 
contact; or, in other words, more or less make and 
break of the electrical current passing through the 
spokes of the wheel. That the electric current is wholly 
broken so that no current is passing along the whole 
line may not be true; and yet whocan say that it 
is not? That the result may be produced by the 
actual rupture and complete break of the current, 
say through one of the spokes or through a portion 
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of one of the spokes, 


ing of more or less of 


such rupture and joini 
should produce speech, that in the many thousands or 


able mystery. 
On page 660 Prof. Morton was asked, cross-interrog- 


was that, had I not been informed 
pelled my belief that it was operative, I should have felt very confi- 
dent that it was not, and except to convince myself by actual trial 


fact tha! it does operate w 


by 


the opinion of these experts, quite probable. 


able to say with any certainty exactly what that mode is. 


under 


would enable me to say with certainty how it does operate. 


th rn 7 C3 ected with the sub)}e ch of telephone tran Sidi ission : 


phone as commonly shown in the books on electricity ? 


the breaking or join- 
any of the minute points of 
contact which exist upon surfaces when, in common 
language, we say that they are joined together, is, in 


That 


or such variations of pressure, 


millions of points of contact which exist in these sev- 
eral spokes at the hub and at the ends the increase or 
diminution of the whole current should be just such as 
is necessary In order to reproduce the speech, is in the 
present state of our knowledge a completely unfathom- 


‘Is there any substantial difference in principle or mode of 
operation between the transmitter of the defendants in this case and 
the transmitter in the Spencer case, or the Blake transmitter, so 


As to the identity or similarity between the structure and 
mode of operation of the transmitter referred to as ‘ Defendant’s 
Transmitter’ and the Spencer and Blake transmitters, I can only 
say that in structure defendant’s transmitter is entirely unlike the 
others, and as regards its mode of operation [ do not feel myself 
When I 
first saw this transmitter, the impression it produced upon my mind 
that com- 


that it was operative, 1 have made no examination of it which 


The 


all is, in my Opinion, as surprising as any- 


‘““Q. Don’t you think you are able to say, upon reflection, that 
each of the spokes of that transmitter is an ordinary Hughes micro- 


in Operation it seems to me not, because, if each 
of them acted independently, it would appear to me necessary that 
one would destroy the effect of the other, and that the effect of their 
multiplication would simply be to destroy the operativeness of the 


‘1386 Q. And is not the effect produced, for the purposes of 
a transmitter, by the variation of pressure between the points of 


contact, produced by the vibration of the diaphragm supporting 
those points of contact ? 

‘* A. It may be, but my impression is that it is produced rather 
by numerous minute ruptures occasioned at different parts of the 


countless contact points of this apparatus than by the changes of 


pressure only. 


‘157 Q. Then, you mean to say, as I understand you, that per- 
haps this apparatus is a circuit-breaker and interrupts the current, 
whereas the Blake transmitter maintains a continuous current ? 

I consider this to be very possibly the mode of ac- 
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tion of this transmitter. 
‘158 Q. Do you believe it to be true that this transmitter makes 
and breaks the electric current. whereas the Blake transmitter does 


not ? 


‘*A. I believe that this transmitter makes 
rent at numerous points during its operation, though [ do not think 
that it interrupts the entire current or interrupts the current every- 


where at any one time. 


and 


breaks the cur- 


In the Blake transmitter it is my impres- 


sion that there is never any rupture or renewal of contact, but that 
there is simply a variation in the minute distance, probably some- 
thing Jess than a tio thousandths of an inch, by which the electrodes 
are separated, such separation being consistent with what we know 
as mechanical contact; in other words, we say two bodies are me- 
chanically in contact when they are separated, as a matter of fact, 
by a distance not greater than one 2000ths of an inch, and it is my 
belief that the action of the Bell transmitter depends upon the mo- 
tions of approach and recession between the electrodes included 


within this distance.” 


A mode of operation of which the Court will remem- 
ber, Mr. Bell, according to his preliminary statement in 
the interference cases (page 2078), was ignorant. 

Professors Channing, Brackett, Young and others all 
express themselves as believing it quite possible, and 
certainly not proved to the contrary, that the action of 
the microphone consists in this minute making and 
breaking of different points of contact. Prof. Channing, 


on page 581, Answer 106, says : 


‘* It is desirable that there should be no makes or breaks occupy- 


ing the space of a single vibration of the diaphragm. 


Various de- 


vices are used, patented and unpatented, to prevent such breaks: 
this does not apply to the lesser arrests or reversals of motion, which 
I think are concerned of the function of articulation. I will add, 


for the sake of accuracy, that in the class to which the exhibit ‘ De- 
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fendant’s Transmitter’ belongs, the microphone action seems to 
consist in innumerable makes and breaks, the aggregate effect of 
which is the abrupt changes represented in the tracings of Prof. 
Blake.” 


Prof Brackett says (page 491-2, Answer 179) : 


‘* The difficulty in rendering a simple and direct answer arises 
from the fact that we are yet in ignorance as to the precise mode in 
which the successful operation of this instrument occurs (referring 
to microphone instruments).” 

. 


Asked whom he includes in the term “ we,” he an- 


Swers : 


‘*T include in the term *‘ we’ the general consensus of scientific 
men in this and other countries, and as evidence of the state of ignor- 
ance on that matter, I call attention to the fact that a large 
number of ingenious experiments have been contrived and exe- 
cuted with a view to determine that point, but with, so faras I 
know, no satisfactory or undisputed results. The theoretical dis- 
cussions that have from time to time appeared have taken the 
widest ranges and have been carried on in apparent candor by 
gentlemen who cannot be supposed to have any other than purely 
scientific interest in their decision; for instance, in the text-books 
on General Physics recently appearing in Germany, by Mousson, we 
have a short summary of the views that have been presented, with 
the question still left in abeyance. Ido not cite the controversies 
which have taken place evidently in the interest of inventors 
and companies, either in our own country or abroad; I do, how- 
ever, say that very much of reasonable support for either view can 
be adduced from undisputed principles of electrical science, as well 
as from principles of acoustical science.” 


On page 577 Prof. Channing is asked : 


‘@. Then you mean to say, do you, that microphone transmis- 
sion as now understood in fact amounts to an interruption of the 
current; or, as. Reis puts it in his articles describing his operation, 
‘the current traversing the strip is broken; * * * inthis way 
each sound-wave causes a breaking and closing of the circuit ?’ 

“AL LT dowt know how the very complex subject of microphone 
transmission ts understood in the sense of general agreement. It ts a 
subject still under discussion. Ihave already stated in detail my rea- 
sons for believing that the elements of articulation in microphone 
transmission may be introduced by minute interruption within the 
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limits of a single vibration. This is not the kind of interruption of 
current referred to by Reis in the quotation contained in the ques- 
tion.” 


If this difference between the kind of interruption in 
the microphone referred to by Prof. Channing and also 
by the other experts, and that in the Reis instruments, 
were of such broad generic character as to prevent the 
Reis instruments being an anticipation of the modern 
telephone, it surely does not prevent the principle and 
operation of the microphone being wholly and com- 
pletely different from that of the magneto instruments 
described by Mr. Bell. We may assume that ¢hey (the 
magneto and the microphone) produce the same effect ; 
but if it be true, or if it may, be true for all that we 
know, that the microphone produces this effect by 
means of minute makes and breaks, then, surely it is 
another and different method of producing the result 
from that of the magneto method which produces its 
effects without any make or break, and by creating an 
electric current through the action of the voice. 

The same view which is taken by our experts may 
also be found in scientific treatises of a very late date. 
In Ganot’s treatise (which is, a standard French pub- 
lication of the very highest authority), in the 11th 
New York edition translated by Prof. Atkinson, page } 
100, may be found this passage : i 


‘* This theory of a telephone with a disk of soft iron is not com- 
plete. The vibrations of the vibrating disk do not appear to be due 
solely to the magnetic variations of the magnet. The measure of 
the intensity of the induced currents in the Bell telephone certainly 
{ proves that they are a great deal foo feeble to produce vibrations of 
; the disc simply by magnetic attractions and repulsions. Moreover, 
- if non-magnetic dises of glass, copper, wvod, ete., are substituted 

for a disk of soft iron, the sound will be transmitted still, though 
with much less intensity. Without rejecting the induced currents 
which are developed in the bobbins by the induction of the disk of 
| soft iron of the transmitter, one is therefore led to admit, besides. 


that the box of the telephone and the magnetic bar themselves enter 
into vibrations under the influence of the voice, and that their mole- 
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fendant’s Transmitter’ belongs, the microphone action seems to 
consist ininnumerable makes and breaks, the aggregate effect of 
which is the abrupt changes represented in the tracings of Prof. 


Blake.” 


Prof Brackett says (page 491-2, Answer 179) : 


‘* The difficulty in rendering a simple and direct answer arises 
from the fact that we are yet in ignorance as to the precise mode in 
which the successful operation of this instrument occurs (referring 
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to microphone instruments). 


Asked whom he ineludes in the term “we,” he an- 


swers : 


‘*T include in the term * we’ the general consensus of scientific 
men in this and other countries, and as evidence of the state of ignor- 
ance on that matter, I call attention to the fact that a large 
number of ingenious experiments have been contrived and exe- 
cuted with a view to determine that point, but with, so faras I 
know, no satisfactory or undisputed results. The theoretical dis- 
cussions that have from time to time appeared have taken the 
widest ranges and have been carried on in apparent candor by 
gentlemen who cannot be supposed to have any other than purely 
scientific interest in their decision; for instance, in the text-books 
on General Physics recently appearing in Germany, by Mousson, we 
have a short summary of the views that have been presented, with 
the question still left in abeyance. I do not cite the controversies 
which have taken place evidently in the interest of inventors 
and companies, either in our own country or abroad; I do, how- 
ever, say that very much of reasonable support for either view can 
be adduced from undisputed principles of electrical science, as well 
as from principles of acoustical science.” 


On page 577 Prof. Channing is asked : 


‘*Q. Then you mean to say, do you, that microphone transmis- 
sion as now understood in fact amounts to an interruption of the 
current; or, as Reis puts it in his articles describing his operation, 
‘the current trav rsing the strip is broken; * * * inthis way 
each sound-wave causes a breaking and closing of the circuit ?’ 

“AL LT dowt know how the very complex subject of microphone 
transmission ts understood in the senseof general agreement. It is a 
subject still under discussion. 1 have already stated in detail my rea- 
sons for believing that the elements of articulation in microphone 
transmission may be introduced by minute interruption within the 
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into vibrations under the influence of the voice, and that their mole- 
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limits of a single vibration. This is not the kind of interruption of 
current referred to by Reis in the quotation contained in the ques- 
tion.” 


It this difference between the kind of interruption in 
the microphone referred to by Prof. Channing and also 
by the other experts, and that in the Reis instruments, 
were of such broad generic character as to prevent the 
teis instruments being an anticipation of the modern 
telephone, it surely does not prevent the principle and 
operation of the microphone being wholly and com- 
pletely different from that of the magneto instruments 
described by Mr. Bell. We may assume that ¢hey (the 
magneto and the microphone) produce the same effect ; 
but if it be true, or if it may be true for all that we 
know, that the microphone produces this effect by 
means of minute makes and breaks, then, surely it is 
another and different method of producing the result 
from that of the magneto method which produces its 
effects without any make or break, and by creating an 
electric current through the action of the voice. 

The same view which is taken by our experts may 
also be found in scientific treatises of a very late date. 
In Ganot’s treatise (which is, a standard French pub- 

lication of the very highest authority), in the 11th 
New York edition translated by Prof. Atkinson, page 
100, mav be found this passage : 


‘ This theory of a telephone with a disk of soft iron is not com- 
plete. The vibrations of the vibrating disk do not appear to be due 
solely to the magnetic variations of the magnet. The measure of 
the intensity of the induced currents in the Bell telephone certainly 
proves that they are a great deal too feeble to produce vibrations of 
the disc simply by magnetic attractions and repulsions. Moreover, 
if non-magnetic dises of glass, copper, wood, ete., are substituted 
for a disk of soft iron, the sound will be transmitted still, though 
with much less intensity. Without. rejecting the induced currents 
which are developed in the bobbins by the induction of the disk of 
soft iron of the transmitter, one is therefore led to admit, besides. 
that the box of the telephone and the magnetic bar themselves enter 


350 


the receiver. Upon the whole, the actions and reactions of which 
the telephone is the seat are not so simple as was at first thought, it 
may be said that the theory of this instrument is yet to be made.” 


In the modern applications of electricity by E. Hos- 


pitalier, volume page the same opinion is ex- 
pressed, and in ‘‘ Electricity and Magnetism” by Flem- 
ing Jenkin, page the same views are also ex- 


pressed. 

Can a judgment of this Court that we infringe the 
patent of Mr. Bell be founded upon a mathematical 
conception, the application of which to his invention or 
to the devices used by the defendants is thus doubted 
by men of the highest character and attainments? — It 
is bad enough, in all reason, to complain of our infring- 
ing his monopoly of a mathematical conception, but 
when to that is added a doubt by the highest authori- 
ties of the accuracy of that mathematical conception as 
applied to the operation of his machine, the case is car- 
ried far beyond any heretofore recognized limit of pat- 
entable methods or processes. 

In a little book called ‘‘ Notes on Physics,” by J. A. 
Gillet, published in 1876 in New York, by Potter, Ains- 
worth & Company, it issaid that there are three classified 
units of matter denominated the molar, molecular and 
atomic, and that there are three great forces of nature, 
gravity, cohesion and affinity, the first being a molar 
force, the second a molecular force and the third an 
atomic force; that work is the overcoming of resist- 
ance through space, and that the ability of a body to 
do work is called energy. The writer then adds: ‘It 
is doubtful whether electricity is a force or an en- 
ergy.” 

And yet in this patent the monopoly is claimed for 
effecting undulations similar in form in something 
which certainly cannot be called a substance, as it is 
not matter (and who can predicate undulations without 
matter ?), and which, if either a force or an energy, is 


cular vibrations are transmitted by the copper wires to the case of 
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not be conceived. 


something of and in respect to which undulations can- 


In the December, 1886, number of the ‘ Fortnightly 
Review,” Prof. Huxley writes an article defending him- 
self against the imputation made by Mr. Lily in the 
November number of the same review, that he (Prof. 


Huxley) was a materialist. On page 794, referring 
to the terms ‘force and matter and atoms,’ &c., he 


Savs: 


‘*T must make a confession, even if it be humiliating. 


I have 


never been able to form the slightest conception of those ‘ forces’ 
which the materialists talk about as if they had samples of them 
many years in bottles. They tell me that matter consists of atoms 
which are separated by a mere space devoid of contents, and that 
through this void radiate the attractiveand repulsive forces whereby 
the atoms affect one another. If anybody can clearly conceive the 
nature of these things which not only exist in nothingness, but pull 
and push there with great vigor, envy him for the possession of 
an intellect of larger grasp, not only than mine, but than that of 


Leibnitz or of Newton. * * * Besides, by 


the hypothesis the 


forces are not matter: thus all that is of any particular consequence 
in the world turns out to be not matter, on the materialist’s 
showing. Let it not be supposed that I am casting a doubt upon 


the propriety of the employment of the terms 


own 


‘atom’ and ‘ force’ 


as they stand among the working hypothes’s of physical science. 
As formulae which can be applied with perfect precision and great 
convenience in the interpretation of nature their value is incalcu- 


able; but as real entities having an objective existence, an indivis- 
lable particle which nevertheless occupies space is surely inconceiv- 
able; and with respect to the operation of that atom where it is by 
the aid of a force resident in nothingness, Iam as little able to 


imagine it as I fancy any one else is.” 


erect these formule into an absolute 


conceivable 


U 


And yet Prof. Bell would have the Court not only 


ex- 


istence, but would call them by the name of process-— 
would regard them as practicable, workable and de- 
scribed means for producing desired results, intelligible 
to and acted on by ordinary workmen and mechanics, 
: and of such character that, if anybody, in explaining 
the operation of a machine, refers to these undulations 


as a scientific hypothesis which may explain the work- 


oo2 


ing of such machine, it is conclusive evidence of the 
infringement of his patent. 

Now, the Court will note that the question of in- 
fringement here is in no degree connected with the ap- 
paratus shown in figure 7. Complainant’s expert as 
well as defendants’ experts agreein saying that the 
apparatus used by the defendants is wholly different 
from that shown in the patent. The one and only point 
whereon infringement is claimed is that the general mode 
of operation of the two instruments, or of the apparatus 
used by the defendants and that shown in figure 7, can 
be explained by the same “ mathematical conception ”’ 
or by the same “ working hypothesis” that explains 
that of figure 7. If that be law, can any one say why 
any apparatus whatever, the operation of which is ex- 
plained by the application of the several forces known 
as gravity, cohesion or affinity shall not infringe upon 
any other apparatus described in a prior patent where- 
in the inventor shall say that what he claimed is ¢he 
method of operation of the apparatus which is that of 
sravity, cohesion or affinity ? 

Some slight idea of the phenomena taking place in a 
magneto-telephone may be gathered from the fact that 
the diaphragm being under control of the voice creates 
currents of electricity as it is moved forward or drawn 
back, which absolutely owe their existence to the voice 
and which cease to exist with the cessation of the 
voice. But comprehension of that operation gives us 
no idea whatever how such a device as that used by 
the defendant can, by the joggling of sixteen different 
joints spaced upon various parts of a large cork dia- 
phragm having a diameter of six or eight inches and a 
thickness of a quarter to three-eighths of an inch, so 
affect a voltaic current passing through the carbon 
spokes that it will so affect the receiver as to cause 
similar air vibrations to those which are impressed 
against the cork diaphragm. 

Defendant’s instrument is called a microphone, and 
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in a general sense it may be properly so called. That 
the microphone is an invention of the highest character 
is not controverted. Prof. Bell, in the Preece discus- 
sion (Record, page 249), says: “No one can more 
‘heartily congratulate Prof. Hughes upon his great 
‘“ discovery than I do.” Discovery is hardly the term to 
apply to a mere varied mechanism for carrying into 
effect a principle or idea which Prof. Bell had himself 
discovered. This Court has rather regarded discovery 
as the basis of, and = antedating, a process 
(Corning vs. Burden, 15 £How., = 252). In 
speaking of this invention, Mr. Hughes says 


(Record, page 218): ‘I do not intend to take 
“out a patent, as the effects [I have mentioned belong 


~~ 
“~~ 


more to the domain of discovery than invention. No 


~ 
~ 


doubt invention will ere long improve on the form 


~~ 
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and materials employed.” 

On page 219 he says : 

‘* The problem which the microphone solved is this—to introduce 
into an electrical circuit an electrical resistance, which resistance shall 
vary in exact accordance with sonorous vibrations. so as to produce 
an undulatory current of electricity from a constant source, whose 
wave length, height and form shall be an exact representation of the 
sonorous waves. Thesecond step is of the highest importance. It 
is essential that the electrical current flowing be thrown into waves 
of determinate form by the sole action of the sonorous vibrations. I 
resolved this by the d/scovery that when electric conducting matter 
in a divided state, either in the form of powder filings or surfaces, 
is put under a somewhat slight pressure, far less than that which 
would produce cohesion and more than’would allow it to be sepa- 
rated by sonorous vibrations, the following state of things occurs 
the molecules at these surfaces being in a comparatively free state, 
although electrically joined, do of themselves so arrange their form, 
their number in contact or their pressure (by increased size or orbit 
of revolution) that the increase and decrease of electrical resistance 
of the circuit is altered in a very remarkable manner, so much so as 
to be almost fabulous. The tramp of a fly, or the cry of an insect, 
requires little range, but great sensitiveness; and two surfaces 
therefore of chosen materials under a very slight pressure such as 
the mere weight of asmall superposed conductor, suffice ; but it 
would be unsuitable for a man’s voice, as the vibrations would be 
too powerful and would, in fact, go so far beyond the legitimate 
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range, that érterruptions of conta't amounting to the well known 


make and break would be produced.” 


The attention of the Court is called to the use of the 


word “interruption” as meaning less than a complete 


break in a telegraphic sense, which is the meaning we 
have argued it has in the Reis articles. i 
On pages 222 and 223 Mr. Preece says : 


‘*In fact, there must liave been a movement to a certain depth, 
and I aminclined to believe, from numerous experiments, that the 
whole block increases and dimin’shes in size at al! points, in the centre 
as wel! as the surfuer, exactly in accordance with the form of the sonor- 
ous wave. Confining our attention, however, to points on A and B, 
how can this increased molecular size or form produce a change in 
the electrical waves? This may happen in two ways: First, by in- 
creased pressure on the upper surface, due to its enlargement ; OT, 
second, the molecules themselves, finding a certain resistance to 
their ordinary movement, spread themselves, making tnrnumerable 
Tresh points of contact. Thus, the undulatory current would ap- 
pear to be produced by infinite change in the number of fresh con- 
tacts. I am inelined to believe that both actions oceur, but the 
latter seems the true explanation. For, if the first were alone true, 
we should have a far greater effect from metal powdered carbon or 
some other elastic conductor, such as metallized silk, than from 
eold or other hard unoxidizable matter: but as the best results as 
regards the human voice were obtained from two surfaces of solid 
vold, I am inclined to view with more favor the idea that an infinite 
variety of Fresh contacts brought into play by the molecular pressure 
affords the true explanation. It has the advantage of being sup- 
ported by the numerous forms of microphone I have constructed, 
in all of which I can fully trace the effect.” 


On page 240 Mr. Preece says: 


‘‘In this transmitter one of its chief peculiarities is the fact that 
all sounds are faithfully reproduced, and it tends very much to 
upset the notion—Helmholtz’s—theory, that vowel sounds and 
other sounds are due to the superposition of waves upon waves, of 
tones and over-tones. This apparatus shows almost unquestionably 
that all these different properties and these effects of intonation are 
due to differences in the form of the wave sent.” 


On page 242 : 


‘No one has ever been nearer a great discovery than Mr. 
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Edison. His telephone is based on the variation of resistance in 
carbon due to pressure. He used carbon and finely divided matter, 
but he worked on the idea that the difference in pressure was pro- 
duced by the vibration of a diaphragm. Had he thrown away his 
diaphragm, he would have forestalled Professor Hughes in this re- 
spect, and found that the sonorous vibrations themselves produced 
this difference of pressure. The great secret of Professor Ilughes’ 
discovery is that sonorous vibrations and electrical waves are to a 
certain extent synonomous.” 


In the discussion following Mr. Preece’s reading, Mr. 
Willoughby Smith was inclired to reject Mr. Preece’s 
molecular and sound-wave theory of microphone, and 
to attribute the phenomena to a partial breaking of the 
circuit by the varying contact (p. 249). Now, it was 
in reference to this discovery that Professor Bell was 
speaking as above, and we call the attention of the 
Court to what he said. He says p. 249) : 


‘*No one can more heartily congratulate Professor Hughes upon 
his great discovery than IT do. I think all those who investigate 
telephonic effects will realize that we have touched upon the 
threshhold of @ new se’ence, and that we have discoveries yet in 
store for us. I must confess that: the explanation of the action of 
the microphone afforded by Mr. Preece and Mr. Willoughby Smith 
are, to my mind, not perfectly satisfactory. There are some points 
in the telephone itself that may point us to the true solutidn of this 
problem. If you fix your attention on the first diaphragm shown 
us by Mr. Preece, you have a_ constant source of electric- 
ity (the battery), a telephone, and this curious instrument. 
Now, the laws of. audibility of the electric current by 
the telephone are analogous to the laws of induction. 
No sound is audible so long as your current is of uni-. 
form intensity, but the moment you change its intensity 
you have a sound from the telephone; conversely, when you have a 
sound from a telephone the intensity of the current passing through 
it has been changed, and the loudness of the sound is an index of 
the amount of change. 

‘¢ Now, unless the microphone were itself a source of electricity, it 
is evident that the only way in which it can change the current is 
by varying the resistance of the circuit. So far, we may be per- 
fectly certain that the action of this instrument depends upon the 
variation of the resistance ; and the only question is as to how this 
variation of resistance can be accomplished by the influence of such 
feeble sounds as those produced by the escapement of a watch or 
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the footsteps of a fly. As the sounds produced from the telephone 
are quite loud the current must change very greatly in intensity, and 
the resistance of the microphone must vary in the most extraordinary 
manner, probably being at its maximum many times the resistance 
of the rest of the circuit, and at its minimum but a fraction of it. 
Mr. Preece seems to consider that the molecules of the substance 
composing the microphone change their shapes when subjected to 
compression by a variable force; and he has figured to us_ his con- 
ception of the alternate contraction and expansion of a chain of 
molecules under the influence of sound. Mr. Willoughby Smith, 
on the other hand, attributes the effects produced by the micro- 
phone to imperfect contact. He supposes the carbon points 
to rattle against one another under the influence of a sound, 
and he seems thus to regard the microphone as a delicate form of 


ante rrupte ar.” 


We again call the attention of the Court to this use 
of the word “ interrupter ” by Mr. Bell himself. 


‘* Tam more inclined to accept Mr. Willoughby Smith’s explana- 
tion than that given us by Mr. Preece, but the reproduction of 
articulate speech excludes the assumption that the microphone acts 
as an interrupter. The possibility of producing electrically any 
given quality of sound depends upon the possibility of producing 
a current of electricity, the intensity of which varies in a manner 
proportional to the varying velocity of a particle of air during the 
production of that sound. Hence, however much the _ points 
in contact may rattle together, the circuit must not be broken, 
or the effect of quality will be lost, and a mere noise be produced 
instead.” 

‘If I might offer a suggestion, I think it probable that there is a 
variation in the amount of contact. Let us suppose an enormous 
number of particles to be in contact, each singly offering a high 
resistance to the passage of a current, but jointly offering a very 
slight resistance; then, when the microphone rattles under the in- 


fluence of a sound, a larger or smaller number of particles come 


into contact, and the resistance of the microphone changes without 
absolute break of circuit. Still we must not forget that at each in- 
crease of resistance heat must be produced at the points of contact, 
and it is probable—nay, extremely likely, that heat has a great deal 
to do with the results obtained. I was experimenting with a 
microphone the other day, and it kept on vibrating on its own ac- 
count for nearly two minutes, and a clear musical tone was emitted 
from the telephone in circuit with it. The microphone always ex- 
hibits a tendency towards vibrating on its own account when it is 
adjusted most delicately. The instrument, as I constructed it, con- 
sisted of a rod of charcoal placed horizontally with its ends resting 
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upon two other rods of charcoal. This arrangement, when shown 
to Professor De Warr at once suggested to his mind Trevelyan’s 
bars. I think it not at all unlikely that the microphone is in reality 
a species of Trevelyan’s rocker, and that it may thus be in a condi- 
tion to be affected by feeble sounds. It is quite conceivable that 
sounds too weak by themselves to throw the masses of the microphone 
into sensible vibration may yet be sufficiently strong to 
vary and control the variations dve to heat; or at least it is con- 
ceivable that eat may assist the action of the sound. For in- 
stance, suppose the charcoal rattling together under the influence of 
the sound. Now, as the charcoal separates, the resistance of the 
microphone increases, the points of contact become heated, and the 
expansion, due to this cause, occasions a greater separation than we ‘Id 
otherwise take place. Thus heat may co-operate with a feeble sound 
to produce a greater amplitude of vibration at the points of contact 
than would be produced by the sound alone. Those who are inter- 
ested in this subject would do weil to read Professor Page’s paper 
upon ‘ the vibrations of Trevelyan’s bars by the galvanic currents.’ 
The microphone recalls vividly to my mind some of the illustrations 
in this paper. Whatever may be the true explanation of the effects 
produced by the microphone, there is evidently a vast field open 
before us for inquiry. I will not take up your time with any further 
remarks, but will again offer my congratulations to Professor 
Hughes upon his discovery.” 


If the Court will look at Prescott’s speaking tele- 
phone, electric hght, &c., published in 1879, pages 114 
and 115, it will see what is the Trevelyan’s rocker, the 
substance of which Mr. Bell calls the microphone. 

Now, let us look for a moment at the operation of a 

sell telephone of 1876. The statement in the patent 
and the evident idea of the patentee, are that undu- 
lations in a voltaic current are produced. The patent 


Says: 


‘* Undulations are caused in a continuous voltaic current by the 
vibration or motion of bodies capable of inductive action. * * * 
So long as the armature ¢ remains at rest, no effect is produced 
upon the voltaic current ; but the moment it is set in vibration to 
produce its musical note, powerful inductive action takes place, and 
electrical undulations traverse the circuit.” 


That Professor Bell was wrong in this, and that such 
vibration of the armature is without effect on the vol- 
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taic current, and that the battery and voltaic current 
have no function in the operation further than to mag- 
netize the electro-magnet, are now common knowledge. 
Professor Cross says so (see Complainant’s Record, 
page 127, Cross-question 38): True, Professor Cross at- 
tempts to show in a sense that undulations are pro- 
duced in the voltaic current by stating that the voltaic 
and magneto currents unite, making but one current. 
The defendant’s experts have shown the fallacy of this 
statement in that the effect produced is wholly that of 
and due to the magneto current, and that this magneto 
current produces precisely the same effect, no more and 
no less, in the absence of the voltaic current, when the 
apparatus has only a permanent magnet, and in the 
presence of the voltaic current when the magneto cur- 
rent works in and through the voltaic current, but not 
influencing it or influenced by it. Professor Morton 
(Record, p. 549) says : 


‘In the apparatus of the Bell patent, I find as a transmitter 
what may be called a magneto-electric machine, identical in its gen- 
eral structure and operation with other inagneto-electric machines 
which have been used for other purposes; such, for instance, as 
the apparatus for firing blasts by the sudden withdrawal of an 
armature from the face of a magnet carrying coils of wire on its 
poles. In this case the battery current is in no way directly affected 
by the motion of the diaphragm, which, on the other hand, pro- 
duces a magneto-electric effect and momentary current in one direc- 
tion or the other, according to the movement of the armature con- 
nected with it.” 


And on page 353, interrogatory 23: 


‘‘T understand you to say that the acting cause in the Bell appa- 
ratus 174,465 is the magneto current. Does the voltaic current in 
that apparatus have any operation or effect upon the diaphragm of 
the receiver ? 

‘“A. None; in the act of transmitting sounds it simply causes 
a constant pull or tension such as might be occasioned by a spring 
or the like, and which may be considered as constituting part of 
the adjustment of the instrument. 

‘“Interrogatory 24. In the defendant’s instruments, Exhibit: 
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Defendant’s Transmitters and Exhibit Defendant’s Receiver, is 
there any other electric cause of the effect produced on the’ re- 
ceiver in the way of transmitting speech than the voltaic current ? 

‘*A. There is none other if we neglect the interposition of an in- 
duction coil used simply to give greater intensity to the transmit- 
ting current. 

‘‘ Interrogatory 25. Then, I understand you to say that the effect 
in Exhibit ‘Defendant’s Transmitter and Exhibit Defendant’s Re- 
ceiver’ is produced by varying the resistances of the voltaic cir- 
cuit, while in the Bell instrument it is produced by the magneto 
current. Am I correct ? 

“A. You are; though I should perhaps rather say that in the 
Bell apparatus the effect was produced by the production of a mag- 
neto current or currents. This modification of phraseology, I think, 
brings out more strongly the difference whieh exists between these 
two forms of apparatus and their modes of operation.” 


Professor Brackett says (pages 560, 361) : 


‘*Interrogatory 9. In the Bell apparatus as described in patent 
174,465, has the voltaic current any other function than that of 
magnetizing the electro-magnet ? 

‘A. It has not. 

‘¢TInterrogatory 10. Has it any function in the transmission of 
speech ? 

‘‘A. It has not; as may be shown by replacing the electro-mag- 
nets by permanent magnets. 

‘‘Interrogatory 11. In the instrument Exhibit ‘ Defendant's 
Transmitter’ and * Defendant’s Receiver,’ is there any other electric 
cause for the effect produced at the receiver than the voltaic cur- 
rent ? 

‘*A. There is no other cause. 

‘* Interrogatory 12. Practica'ly, then, in the transmission of 
speech, do instruments described in the Bell patent 174,465 cause 
undulations 1n a voltaic current ? 

‘‘ A. If the question refers to the current constituting the electro- 
magnets the answer must be that the only effect is to superpose 
upon the line currents due to the motion of the armature, which by 
induction react upon the coils to produce de novo entirely néw cur- 
rents which are felt as disturbances at the receiving end. 

‘*Interrogatory 18. Does the Exhibit ‘ Defendant’s Transmitter’ 
so operate asto cause undulations in the voltaic current, through the 
cause of the transmission of speech and its being heard at the re- 
ceiver ? 

‘* A. It does, by controlling the intensity of the current which 
results from a constant electro-motive force at the battery.” 
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Professor Channing (page 307) says : 


‘‘Interrogatory 7. In the Bell apparatus, as described in patent 
174,465, has the voltaic current any other function than that of 
magnetizing an electro-magnet ? 

‘* A. It has not; that is distinctly so stated by Du Moncel. 

‘‘ Interrogatory 8. Has it any function in the transmission of 


speech ? i 
‘*A. None, whatsoever, except in magnetizing the magnet ' 
where an electro-magnet is used. 
‘*Interrogatory 9. In patent 174,465, and in figure 7, as there 
shown, may the electro-magnets be replaced by permanent magnets 
and the same effects be produced ? 
‘*A. The electro-magnets could be so replaced, and the same 
effects would be produced.” 


The method of the Bell telephone, then, is to produce 
an electric current in a line wire by approaching to and 
withdrawing from the poles of the magnet, the coil of 
which forms part of the lme, an armature moved by : 
diaphragm to which it is attached. When this dia- 
phragm is still, there is no current on the line ; in other 
words, in motion it makes, in quiet it breaks the cur- 
rent. The so-called undulatory character of the current l 
is derived simply and solely from the character of the 
motion of the diaphragm and armature. According as 
the latter is sudden, abrupt, gradual, regular, irregular 
or otherwise, so will be the character of the current 
produced. We are told by the patent how to vary 
the foree, z.e., the electro-motive force, by making an 
armature move with the diaphragm, and that the sound 
may thus be controlled. There is a suggestion not 
however referring to figure 7 or claim 5 that un- 
dulatory currents may also be produced by varying the 
resistence of a circuit, but the complainant’s experts , : : 
admit that the patent shows no practical means of so 
doing (Drawbaugh Record, Complainant’s Case, Vol. II., 
pages 1474-1475, Answer 300, 301, original paging). 

Mr. Pope, complainant's expert, testified that when 
he made the report to Mr. Orton in 1877, the liquid 
transmitter was a thing unknown to him, although he 
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was then familiar with the Bell patents, and that the 
description in Bell’s patent of March 7th, 1876, is 
not sufficient to enable a person skilled in the art to 
make, without further experiments, a practically opera- 
tive speaking telephone transmitter on that principle. 
Indeed, in his patent, Bell did not first teli us of the 
use of an undulatory current for telegraphic purposes ; 
that surely had been done by Varley ; nor of the use of 
a vibrating diaphragm transmitting sound waves ; that 
surely had been done by Reis and Wright; nor of a 
magneto receiver with vibrating armature to repro- 
duce whatever was sent from the transmitter ; that 
surely had been done by Reis and Gray; nor of 
electrical effects in a closed circuit; that surely had 
been done by Varley and Gray. What Bell did, was 
simply and solely to adapt the apparatus of Reis 
to the production of varying electro-motive force, 
instead of to the variation of a constant electro-motive 
force; and his method or the functions of his apparatus 
consist solely in the production by the vibration of a 
diaphragm, of a varying electro-motive force, instead of 
producing variations in a constant electro-motive force. 
True, Bell supposed, or said he supposed, that he un- 
dulated the voltaic current ; in that he was mistaken, 
and his method and apparatus are simply as above 
stated. Bell did not tell us in his patent or otherwise, 
for he did not know, that by inserting three French 
nails, or three pieces of carbon, in a voltaic circuit, 
sounds of all kinds could be transmitted to a distant re- 
ceiver, or that by vibrating a portion of the circuit by 
sound waves, its nature could be so varied as to repro- 
duce sounds at the receiving end of the line. He 
did not tell us, for he did not know, that in 
some obscure way the electric current responds to vi- 
brations that may be caused in any part of its con- 
ductor, though infinitely small in character, and will 
transmit such vibrations to a receiver, and that in that 
way articulate or other sounds can be almost perfectly 
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reproduced. More than all, Professor Bell did not tell 
us, because he did not know, that with proper modifica- 
tions of his apparatus, figure 7, or with a properly ar- 
ranged microphone, articulate speech could be trans- 
mitted—indeed, if he judged from his own experiments 
and trials, he knew that it could not. And vet, when 
these effects are discovered and the appropriate ap- 


paratus is invented, Bell modestly claims monopoly o 
the whole, because he faintly and obscurely indicated a 
mageto machine as a form of multiple telegraphing, 
which he knew by experiment would not work, and 
from the deseription of which he struck out the words 
which would have characterized it as an apparatus in- 
tended to transnut speech. 

Professor Cross says that the microphone infringes 
the magneto-telephone, because it excites electrical 
undulations on a line wire, and he knows that it does 
that because it talks. Why he bothers himself and us , , 
with this middle term as to electrical undulations, as 
to which no one has any knowledge or offers, or 
can offer, anything but theory, and did not say directly 

it infringes because it talks, we cannot conceive. 
Indeed, in his last testimeny he has eliminated the 
middle term and says that an instrument operates on 
the Bell or Reis method according as it talks or not, 
and that the only test whether it is a Bell or a Reis is 
whether it will talk. It is shorter and quite 
as conclusive. One may admit that the term 
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“undulatory ” has a certain appropriateness when ap- 
plied to electrical impulses generated by the vibratory 
to-and-fro motion of a diaphragm ; but how does it ap- 
ply to or describe the mere jogele or shaking produced * 
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by speaking to a piece of non-resonant cork to which 
is firmly attached a carbon microphone device like that 
of the defendant’s transmitter? The following extract 
is from the ‘ Electrical Review” of January 24th, 
1885, and we adopt it as an argument : 
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[From the ‘‘ Electrical Review ” of January 24th, 1885. ] 
An UNDULATORY CURRENT IN A CLOSED CIRCUIT NOT 
NECESSARY FOR (‘TELEPHONIC ‘TRANSMISSION OF 
ARTICULATE SPEECH. 


My attention has been called to two papers on this 
subject signed “ Das Telephon,” published in your ex- 
cellent Review of February 2d and 9th, 1884, in which 
are given extracts from affidavits of several eminent 
American physicists, namely, Profs. Morton. Mayer, 
Cross, Wright, Wagner and others, all of whom testi- 
fied that articulate speech has been transmitted and 
reproduced in rapidly interrupted electric circuits. | 
invite those interested to read the papers referred to. 

Copies of the affidavits have been kindly sent to me 

since my communication on this subject in the “ Re- 

view” of 3d inst. The theory of Profs. Cross and 

Wright is fully proven by the experiments made by me 

as detailed in my communication above referred to. I 

shall be pleased to lend to any one those affidavits, and 

[ invite the editors of “ La Lumiere Electrique” to 

recousider their statement, published in November, 

1882, that “As to the question of knowing whether 

currents completely interrupted can reproduce speech, 
there is no electrican who can answer it.” 

, I invite them to repeat the experiment described by 
me, and then abandon their pet theory about the undu- 
latory currents being absolutely necessary for the 
transmission of articulate speech. That a closed eir- 
cuit is not necessary for such a purpose my numerous 

a experiments have conclusively proved, and I will add 
| that undulations of the current corresponding to the 
f undulations of the air waves produced by the voice 

seem to me to exist more in theory than in practice. 

In all transmitters heretofore known the sound waves 
fall upon what may be termed a current regulator; 
either directly or through the medium of a tympan or 
diaphragm, whereby greater or less pressure is made 
} 
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upon the loose joints of the current regulator, produc- 
ing a motion corresponding in its movement to the vi- 
brations of the air waves, which is an up-and-down 
motion 
diminution of the current is caused by the greater or 
less pressure of the parts of the current regulator 
against one another, being the principle of the action 
of transmitter claimed by Edison. Now, I have for 
several months past been experimenting with a novel 
form of Hughes’ beautiful invention—the carbon 


a vibratory motion—and the increase or 


microphone. This microphone is made of hard carbon 
pencils, without top, bottom or sides, but simply held 
together by a frame not more than an eighth of an 
inch wide; loose pencils lie loosely upon loose pencils, 
which latter lhe loosely on blocks of carbon. The arti- 
culation is excellent in whatever direction the alr waves 
impinge on the pencils, but the tone is very much 
louder when the air waves impinge on the sides of the 
pencils and cause them to shake or jolt, and change 
their points of contact. Such movement is no doubt 
caused by the vibrations of the air waves, but can a 
jolting motion be said to be a vibratory motion, or to 
correspond to a vibratory motion ? 

it is conceivable that regular vibrations of air waves 
impinging upon a tympan or diaphragm will cause reg- 
ular vibrations of the diaphragm or tympan, and those 
regular vibrations may cause corresponding variations 
of an electric current; but it certainly is yet to be ex- 
plained how a jolting or shaking motion producing 
variations of points of contact of a microphone should 
produce variations in a current to cause the receiving 
instrument in the circuit to repeat the articulate words 
which have produced the shaking or jolting motion. 

We now desire to call the attention of the Court to a 
few extracts from the testimony of our experts: 

Professor Young says (p. 393), with reference to the 
Bell patent No. 174,465 : “I understand the method to 
be a way of transmitting simultaneously, several tele- 
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graphic signals over a continuous telegraphic circuit 
by causing vibrations of an iron or steel armature 
produced by vocal or other sounds in front of an 
electro-magnet to generate magneto-electric undula- 
tions in said continuous telegraphic circuit, and so pro- 
ducing corresponding vibrations at the receiving ap- 
paratus.” 


‘§ 23 Q. Do you find any apparatus shown and described in said 
Bell patent, or referred to in the fifth claim thereof, for transmitting 
telegraphically vocal or other sounds, other than that which you 
have described, and which apparatus is illustrated in the drawings 
of said patent ? 

‘* A. I know of no apparatus shown and described in said pat- 
ent and referred to in said claim other than that which I have 
already explained in my answer to previous interrogatories. 

‘© 24 @. Do you or do you not find any other method described in 
said patent, and referred to in said fifth claim, for transmitting vo- 
cal or other sounds telegraphically, other than that which you have 
described in your answer to interrogatory 22 ? 

‘*A. I do not find any such other method described or set 
forth. 

“© 25 Q. Referring to said Bell patent No. 174,465, and to extracts 
therefrom quoted by Prof. Cross in answer to interrogatory 15, of 
his deposition, do you find therein set forth any practical sugges- 
tion which would have enabled any person skilled in the art at the 
date of said Bell patent to construct an instrument for the trans- 
mission of articulate speech ? 

‘* A. I do not find any such practical suggestion. 

‘© 26 Q. Referring to said Bell patent No. 174,465, do you find 
any description or statement therein to the effect that articulate 
speech may be telegraphically transmitted and reproduced by any 
apparatus therein shown and described ? 

‘* A. I do not. 

‘27 Q. Referring to said fifth claim, patent No. 174,465,state 
what you understand to be the meaning of the words ‘‘ vocal or 
other sounds,” as employed in said claim : 

‘* A. T understand them to be sounds suitable for use in multiple 
telegraphy—that is, mnsical tones of definite pitch, produced by the 
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voice or other means.” 


On page 395, after explaining the operation of the 
Hopkins’ transmitter, which belongs to the class of 
microphone transmitters, and comparing it with the 
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apparatus shown in the Bell patent, and referred to in 
the fifth claim, he says (p. 396) : 


‘‘T find no similarity, except that both possess draphragms by 
the vibration of which they produce variations in the strength of 
the electric current, corresponding more or less perfectly to the 
aerial vibrations which set the transmitters in operation.” 


And with reference to the Reis and McDonough 
transmitters he says (p. 397) : 


‘* | find that the essential elements of all the transmitters are the 
same. We have in all of them a loose contact of electrodes, in such 
connection with the diaphragm that the intimacy of tbeir contact 
will be disturbed by sounds uttered near said diaphragm and will 
thus produce electric variations in the circuit. In the Reis trans- 
mitter the electrodes in loose contact are metallic and have buta 
small surface. In the McDonough transmitter there are two sepa- 
rate joints of loose contact, and the touching surfaces are narrow 
streaks of considerable length. In the- Hopkins transmitter one sur- 
face of contact (and in most forms of the instrument, both) is com- 
posed of carbon. In the Reis transmitter (box form) and the Mc- 
Donough, gravity is relied upon to preserve the contact, while in the 
Hopkins transmitter the floating power of mercury affords a very 
delicate means of obtaining the proper adjustment.” 


On page 401, after being asked in view of the com- 
parison he had made whether the Hopkins transmitter, 
when properly connected in the electric circuit used for 
transmission of speech, employs the method or embod- 
ies the apparatus described and referred to in the fifth 
clause of the Bell patent, he replied : ‘ In my opinion 
it does not.” 

The same answer would necessarily be given if com- 
parison were made between the Bell patent and the 
instrument used by the defendant in those cases which 
are substantially upon the same principle as the mi- 


crophone. 


ian ( ae 
On page 409 he says: 


‘*T have no doubt that Reis believed that his transmitter acted by 
making and breaking the circuit in our present sense of the terms. 
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‘¢T do not consider it certain that the modern microphone does 
not act in the same mannetr.”’ 


And being asked on the same page : 


? ‘*68 x-Q. Do you mean to say that in your opinion the micro- 
phone operates by making and breaking the circuit, and not by 
rarying the strength of the current which is maintained through 
the joint during the operation of transmission ?” he answered : 

‘‘T intended to say that.in my opinion it is not yet certain in 
what precise manner the microphone produces variations in the 
strength of the current at the receiving end, and that in my opinion 
the theory that it is done by minute makes and breaks is not demon- 
strated to be false,” 


And on page 410: 


‘* My opinion in the matter does not amount to a scientific con- 
viction. [think it more probable that the separation of the sur- 
facesis not usually sufficient to produce an entire cessation of 
current, but there are difficulties in the way of this view, and I am 
~ a. by no means sure that the opposite theory is false.” 


And on page 412 he says: 


 . ‘‘T did not intend to commit myself to any theory as to the pre- 
, cise method by which the action of the transmitter produced the 

undulations in the circuit, but I did intend to say that the method 
| was different from the method of action of any apparatus described 
and figured in Mr. Bell’s specifications.” 


Speaking of the Hopkins apparatus, on page 413, he 


Says: 


‘* The Hopkins transmitter undoubtedly produces undulations in 
the current by an action at the loose joint, but I do not know 
whether that action consists merely in a variation of the resistance 
without break, or in a succession of short excessively and minute 
makes and breakes, or in a polarization of the surfaces and the in- 
terjection of a variable electro-motive force.”’ 


ie 
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And on the same page: 


‘*The mean strength of a circuit may also be varied by intro- 
ducing into the circuit a succession of breaks, separated by minute 
intervals of time—say one ten-thousandths of a second, in which 
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case, if the line has any considerable self-induction, the pulsation 
of She further end of the line will become insensible, and practically 
the same effect will be produced as if the resistance of the line had 
been simply increased.” 


And, on page 415, he says: 


‘* T consider the operation of the Hopkins transmitter scientifically 
identical with that of the Blake transmitter.” 


And, on page 423, he says, after describing his ex- 


periments with Reis instruments, in answer to this 
question : 


‘© 129 Re-x-Q. Do you mean by all that to swear that, in your 
opinion, the apparatus could break the circuit at each vibration and 
yet do no mischief, as you call it, to the transmission of speech ? 

‘A. Yes; provided the breaks are sufficiently minute in the ex- 
tent of space and time. 

‘130 Re-x-Q. As matter of fact, do you mean to say that you 
did make that instrument break the current of each vibration, and 
yet break it for so short a time as to produce no injurious effect up- 
on the transmission of speech ? 

‘¢A. I mean to say that in my opinion the metallic circuit was 
interrupted for so small atime, and by so small a space that the re- 
sulting diminution of current was just what was necessary to re- 
present at the receiver the motion of the diaphragm which caused 
the interruption. 

‘© 131 Re-x-Q. That is to say, the current was not broken, as you 
understand it, but only modified or varied, because the metallic 
circuit did not break far enough to break the electric current; is 
that what you mean to swear ? 

‘A. Nearly, but not exactly. I am in doubt whether at the elec- 
trodes the curren‘ itself may not have ceased for some minute inter- 
val of time. My own impression is that at the receiver in such 
cases the current did not entirely vanish at any time, though I’ am 
not sure as to that point, and authorities are not in accordance in re- 
spect to it.” 


And on page 425 


‘¢139 Re-x-Q. In one of the Reis instruments the lever form, a 
spring is used, pressing the electrode against the diaphragm and 
against the opposite electrode; did you calculate that the contacts 
were broken then, when the spring was in action ? 

‘‘A. No; I only inferred it from the fact that the results obtained 
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were the same as those obtained with the instrument where gravity 
alone acted to keep the contact surfaces together.” 


Professor Brackett says (p. 463) : 


‘‘T do find that Reis explicitly declares his object to be to trans- 
mit articulate speeh. Ido not find in Professor Bell’s specification 
that he intended or endeavored or succeeded in transmitting articu- 
late speech. Ido not intend to declare that we might not apply the 
word telephone to the apparatus shown in figure 7, nor do I mean 
to imply that I have any knowledge or belief that an apparatus con- 
structed in accordance with figure 7 had ever, prior to or at the time 
of the date of said specification, been employed as a telephone in 
the sense in which the word is now in use. 

‘‘The Reis instrument is properly so designated because, as the 
word which Reis applied signifies, it is capable of and will produce 
sounds ata distance. And he himself declares that it was his pur- 
pose to transmit articulate speech: the word thereby acquired, and 
still has, a signification which implies such an office. The instru- 
ment shown by Prof. Bell is not so called by its inventor, but is 
shown in connection with and is a part of specification filed with 
his application for letters patent for asystem of multiple telegraphy, 
in which he distinctly uses the terms signals in accordance with 
current telegraphic language, and nowhere hints of any intention 
on his part of employing it as an instrument for transmitting articu- 
late speech.” 


And on page t67, in answer to cross-question 118, he 


Says : 


_ **T only intend to say, and still do say, that I have not the slight- 
est evidence from the patent itself, nor from any other source what- 
ever, that at the date of Prof. Bell’s application, apparatus con- 
structed in accordance with the drawing figure 7 was known to be 
able to transmit or reproduce articulate speech.” 


And on page 473, after speaking of the McDonough 
appheation of April 10th, 1876, he says: 


‘“The principle involved in his transmitter is essentially that in- 
volved in that of Reis. The language employed in said _ specifica- 
tion is substantially that employed by Reis in describing his inven- 
tion. Both employ terms which would lead to the inference that 
they suppose the electric circuit, meaning continous metallic con- 
ductors, is abruptly broken and closed during the operation of their 
transmitters. They nowhere say in set terms as meaning to be 
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not broken or 


taken in an accurate sense that the current is or is 
interrupted at each vibration. While he nowhere says, ‘that the 
current is to be varied as nearly as may be to them in simple’pro- 
portion to the velocity of a particle of air engaged in constituting 
the sound,’ yet this principle is assumed as underlying his whole 
method of procedure, which is simply an improvement on Reis’ 
method, in which Reis himself expressly says that he has found 
reason to believe that a correlation such as the question implies ex- 
ists between the air vibrations and the intensity of the currents 
controlled by his apparatus.” 


And on page 477 he says: 


‘* The distinction in modes of telephonic transmission involved 
in the word microphone had not yet arisen. The method of * con- 
tinuous circuit’ of the ‘magneto method’ was not in existence at 
that date, and of course neither the one method or the other as dis- 
tinct from the other could have been used in said specification. 
He used a method of loose contact, the best known to him, which there ta 
much good reason to believe ts one of continuous current when used suc- 


cessfully. Thecontrary has never been proved.” 


And being asked whether McDonough proposed to 
make and break the electric cireuit as the means for 
producing the effects proposed by him in his application, 


Professor Brackett says : 


**T will answer the question in the words of the application 
itself: ‘ So constructed as to vibrate in accord with the vibrations 
of articulate sound and so arranged relative to the magnet and cir- 
cuit breaker that the vibrations of the transmitting membrane or ap- 
paratus produced by articulate sound are transmitted by the electri- 
cal current to the receiving membrane or apparatus (and so as to 
cause a like vibration in the receiving membrane or apparatus and 
it to reproduce the articulate sounds transmitted from and by the 
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transmitting membrane or apparatus.’ 
And in answer to the next question he says: 


‘* He unquestionably says circuit breaker. He unquestionably 
modifies his use of those terms by the expression ‘so as to produce,’ 
&c., as quoted above. I will say further, that my belief is that he 
thought that his apparatus operated by breaking of contact in com- 
mon with those who had and still have hastily adopted that mode of 
expression without knowing if with good reason.” 


And again he says: (pp. 477-8). 


‘‘ Breaking of the circuit is one thing, discontinuity of the cur- 
rentis another thing. The one may occur, and for aught I know to 
the contrary. does occur without the other. Indeed, that it does 
sometimes occur without the other is certain, and was recognized 
by the early experimenters with these telephones. For instance, so 
long as a spark appears it is perfectly certain that the current is not 
broken, while it is equally certain that the continuous conductor 
provided has been interrupted. Moreover, another illustration : 
In the electric arc there is discontinuity of conductor, but continuity 


of current.” 
And being asked: (p. 478). 


‘141 x-Q. Isit not perfectly certain that a spark always appears 
when the circuit is broken, provided the battery issufficiently strong 
to make a spark at all, and that the presence of that spark proves 
that the circuit is broken, itself being the last portion of the elec- 
tricity that passes ? 

He replied: ‘‘I do not think that this position is tenable or that 
it accords with the facts that have been brought out by many ex- 


perimenters. 


And on page 483, in answer to a question concerning 
whether he thought Prof. Henry was ignorant of the 
Reis machine, and of what had been claimed by it for 


its inventor and published about it, he replies : 


‘*On the contrary, I think the Court will most distinctly under- 
stand that the inference at the beginnIng of this interrogatory is en- 
tirely unwarranted from anything I have said. Iam _ sure that if 
Prof. Henry were living to-day he would be among the last to main- 
tain, without more light than is now existing, any theory of the man- 
ner in which the Reis telephone acts when employed for transmit- 
ting articulate speech. Hewas no doubt familiar with the appa- 
ratus and probably with the writings relating thereto. How exten- 
sive his knowledge of the literature was I have no means of know- 
ing. I have said familiar with the apparatus. Its mode of operation 


is, tn my belief, still undetermiued.” 
And on page 491 Prof. Brackett says : - 


‘Tt isstill an open question whether that class of instruments 
known popularly as circuit breakers, of which Reis, McDonough, 


Hughes Microphone, Blake Transmitter, &c., are examples, operate 
by making and breaking the circuit, so as actually, for minute 
intervals of time, to thereby reduce the current to a minimum, or 
whether they act through continuous contact but varying pressure 
to alter the resistance of the line in substantial accordance with the 
vibrations constitutiug sound, as employed in articulate speech.” 


And on page 492 : 


‘* The theoretical discussions that have from time to time ap- 
peared have taken the widest ranges, and have been carried on in 
apparent candor by gentlemen who cannot be supposed to have any 
other than purely scientific interest in their decision. For instance, 
in the text book on general physics, recently appearing in German 
by Mousson, we have a short summary of the views that have been 
presented, with the question still left in abeyance. I do not cite the 
controversies which have taken place evidently in the interest of in- 
ventors and companies, either in our country or abroad. I do, how- 
ever, say that very much of reasonable support for either view can 
be adduced from undisputed principles of electrical science, as well 
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as from principles of acoustical science. 


Professor Channing, on pages 363, &c., describes the 
Bell patent, and says: (p. 366). 


‘*T find no indication whatsoever in this patent of any purpose 
to transmit speech or articulate sounds requiring quality as well as 
pitch. No person acquainted with the existence of the telephone 
could derive any suggestion of such use to be made by the instru- 
ment represented in Fig. 7, The whole character and language of 
the patent would not convey the impression to any impartial person 
already cognizant of the existence of the telephone that the trans- 
mission of speech was contemplated by Mr. Bell, and had been ef- 
fected by him at the date of this patent. I also find that the instru- 
ment represented in Fig. 7 is so imperfectly described, and is so de- 
ficient inessential parts, and so faulty in construction, that no person 
at the date of this patent could have obtained speech therefrom by 
virtue of anything contained in the patent, except by merest acci- 
dent. If so great a discovery as the electric transmission of speech 
had been made by Mr. Bell at the date of this patent, it would cer- 
tainly have been unmistakably indicated, and the instrument by 
which such an effect was produced would have been represented 
and described in such manner that it could have been constructed 
by any skilled electric mechanician. 

‘* The fifth claim referred to is for the method of and apparatus 
for transmitting vocal or other sounds telegraphically, as described 
in the patent, by causing electrical undulations similar in form to 


the vibrations of the air accompanying such vocal or other sounds 
This claim, as I have already stated, is practically for a method of 
multiple telegraphy, in the manner described.” 


And he says, on page 368 : 


{ ‘* The undulatory current, so called, may be very abrupt and | 
have all the characteristics of what is called a pulsatory current. 
‘* Practically, there is no such thing as an instantaneous change 
of intensity in an electrical current.” 


After describing the Reis instrument he says (page 
371) that all the forms of the Reis telephone operate | 


by varying the current, where not actually broken, by 
varying the resistance. The variation of the resistance 


is produced by the loose contact of electrodes, which is 
more or less perfect according to the relative position, 
pressure and movements over each other. I refer to 
the contacts between the platinum strip and platinum 
points in the box form and in the bored block, and to 
the contact between the lever and the adjustible spring 
in the Reis-Legat form. The mode of operation of all 
the Reis instruments is to produce a correspondence 
between the vibrations of the membrane and the vibra- 
tions of the armature of the electro-magnet or of the 
knitting needle, by virtue of the changes of distance 


between the points of contact of the transmitting elec- | 

trodes ; these variations proceeding to the extent of i 
: ‘ ii i} 

breaking the circuit where the sounds are sufficiently | 


loud. The first mode of operation is particularly used | 
in the transmission of speech, whereas in the transmis- | 
sion of musical sounds the vibrations may be so great 
as to cause an actual interruption of the current. In 


the transmission of music the contacts might be entirely 
broken without injury; in the transmission of speech, 
the variation of the current without the imterruption of 
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the electric current 1s used. 
And on page 115, he says: 


‘* Microphone transmission, which is the system of the Reis and 


Blake transmitters and of the Exhibit Defendant’s Transmitter now 
in almost universal use, and not the system of the Bell patent, is 
effected by varying the resistance to the electric current. This is 
much more complex than the undulatory system used by Bell in a 
closed circuit. The current is varied here in a great number of 
ways. I will instance variation of contact and pressure between 
two electrodes, which may proceed to the extent of particularly 
breaking the contact or of entirely breaking the contact. The con- 
tact between two electrodes is always a contact of distinct points, 
which may be treated as separate electrical conductors. Every 
variation of the contact may break the circuit of a part of these 
conductors, leaving others intact, and so increase the resistance. 
This partial breaking of contact also induces secondary currents 
throughout the surfaces of the electrodes. It also produces thermal 
effects, varying the resistance. There are also changes in polariza- 
tion of the opposed surfaces. Where there is a sliding motion of 
the surfaces, there is a perpetual change of contacts. Variations of 
pressure also change resistance. This is elaborately stated by 
Du Moncel, in extracts on pages 63 and 65 of evidence for com- 
plainants. There are experiments which tend to show that the 
electrodes in the microphone transmitter do not touch at all during 
a large part of the time while transmitting. In this case the dis- 
charge is probably a silent one through the film of air intervening 
between the electrodes. In my own observations of the discharge 
between electrodes made many years ago, I have noticed a similar 
silent discharge unattended with any visible spark. 

‘*There is, however, another method by which transmission 
takes place between electrodes which permits very great variation 
of resistance. This is when the metallic circuit in which the elee- 
trodes are placed is completely broken, and a spark or are passes 
between the electrodes. Telephones have been constructed in 
which no contact whatsoever was permitted between the electrodes 
of the microphone transmitter, the variation of resistance being 
probably due entirely to the greater length of spark or are produced 
by the vibrations of the diaphragm. The spark or arc may be in- 
creased by increasing the number of cells of the batters, or by in- 
troducing coils or magnets into the circuit. It will be seen that 
the variations in resistance taking place between the microphone 
electrodes are very complex, producing almost an electrical con- 
vulsion in the circuit at that point. The electrodes of microphone 
transmitters may be of metal, carbon or other substances. The 
Hughes microphones were some of them metal, some of them car- 
bon. In the case of microphone transmitters the electric copy of 
the sound wave is always very imperfect. The reproduced voice 
retains only the general features of the original, and the reproduced 
voice contains almost certainly far fewer of the over tones and 
other sound vibrations than the original voice. 
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‘‘T will add that the resistance of conductors, such as the line 
wire, may crowd and retard a current to such an extent that small 
interruptions and breaks of the circuit may be partially or wholly 
obliterated. This is shown in the chemical record of the Bain 
telegraph, where the dots and dashes of the Bain code are connected 
by discolorations of the paper, showing that the current is more or 
less continuous between the signals. The irregularities and breaks, 
transmissions are equalized in this as well as other ways. 

‘“Tt will be seen from the above comparison of magneto, trans- 
mission and microphone transmission, that there could not well be 
systems of electric telegraphy or electric telephony, more distinct 
than that described in the Bell patent. No. 174,465, and that now 
commonly in use and embodied in the Exhibit Defendant’s Trans- 
mitter. 

“The mode of operation of the Exhibit Defendants’ Transmitter 
is substantially different from that of the transmitter if the name 
can be properly applied to one of the two corresponding instru- 
ments shown in figure 7 of the Bell patent No. 174,465.” 


And on page 298 he says: 


‘* It is the merest assumption that no other method exists for the 
transmission of articulate sounds than what is called the undulatory 
current. The vibrations of sounds which enter into articulation are 
not undulatory. In their ultimate analysis they are to-and-fro vi- 
brations in a straight line.” 

‘They do not resemble the waives of the ocean, nor the undnla- 
tory curves which for convenience are made to represent the form 
of a simple or compound sounds as their relations to time. We have 
no ev dence whatsoever that any articulate sound cannot be reproduced 
in the telephone by as mauy separate electrical impulses as there are sep- 
ate sound vibrations, the electrical impulses corresponding precisely in 
number, intensity and combination with those of sound.” 


4 


And on page 300, in speaking of the theory of Helm- 
holz, he says: 


‘* Interpreting thus these graphic records//1 have no_ hesitation 
in saying that the elements of articulation which are actually influ- 
ential on the plates, and whichever actually reach the distant re- 
ceiving end of the line may consist entircly of makes and breaks of 
different order duration and force.” 


And on page 301: 


‘¢ In the ease of the loose contact transmitters of the character 
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of the Exhibit Defendant’s Transmitter, where the points of contact 
or interruptions of contact are innumerable, the probability is that 
all of the special elements of articulation above referred to, occur- 
ring within the limit of each vibration of the diaphragm, are due es- 
sentially to the makes and breaks of the current. This is evidenced 
by the electric spark seen between the electrodes or break pieces of 
such transmitters during articulation. In the course of a conversa- 
tion carried on between two parties through instruments of the 
character of Exhibit Defendant’s Transmitter and Defendant’s Re- 
ceiver with the usual connection with switch-board and line wire, 
i removed the plugs from the switch-board, placing one of them 
upon my tongue and holding the other in my hand, causing the cur- 
rents to pass through my body. Under these circumstances, a tele- 
phone in the same current being at my ear so that I could carefully 
observe the character and perfection of the articulation, I felt a 
rapid succession of small shocks upon the tongue at every promi- 
nent word uttered, without any disturbance of articulation. These 
shocks I consider to be due to the arrest or the reversal of the cur- 
rent, equivalent toa make and break of the character already re- 
ferred to.” 


On page 564, after referring to the experiments to 
reduce these statements to a demonstration, he says: 


‘¢ While I wish to make the statement with great caution that 
telephonic articulation has actually been artificially obtained by the 
simplest make and break apparatus, I yet saythat the presumption 
contained in the question that the undulatory eurrent is the only 
method by which speech can be electrically transmitted, is over- 
thrown. 

‘‘ Referring to page 47 of the evidence for complainants in the 
deposition of Charles R. Cross, I find these words: ‘No form of 
transmitter which operates by making and breaking an electrical cir- 
cuit can possibly transmit articulate speech or any other sound in 
its different characteristics of pitch, intensity and quality, for the 
reason that the constant control, of which I have spoken, is not 
exercised in such an instrument.’ This assumptton of an impossi- 
bility is contradicted by my preceding analysis of graphic records, 
and by the experiments and observations which I have just stated. 

‘¢ Tt was a celebrated saying of Arago, which has passed into a 
scientific axiom, that he is a rash man who, outside of pure mathe- 
matics, pronounces the_word * impossible.’ ” 


And on page 571 he says, after referring to a letter 
dated in 1878, in which he had spoken with enthusiasm 
of Prof. Bell’s discovery : 
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‘* The clause of my letter which has been read to me was in- 
tended to express my admiration for the discovery of the speaking 
telephone. My opinion now is, in the year 1884, that Philip Reis, 
the man who discovered that sounds communicated to a diaphragm 
with suitable electrical connections could affect such changes in an 
elegtrical current traversing a line wire that a diaphragm at the 
other extremity of the line, responding to the vibrations of an elec- 
tro-magnet, should copy the motions of transmitting diaphragm 
with sufficient accuracy to transmit intelligible speech, made one of 
the greatest discoveries of modern science applied to the arts.” 


And on page 605 he said: 


‘* This is the extent of any personal difference between myself 
and Professor Bell. It has no influence upon my opinion in the 
controversy between Mr. Bell and Mr. Gray, or with Mr. Dolbear 
or Edison, except in so far as it impressed me with Professor Bell’s 
disposition to exaggerate his own claims to invention. I did 
not become aware until afterwards of the complete anticipation by 
Reis of the discovery of the speaking tolephone.” 


Professor Henry Morton, on pages 346, etc., expresses 
the same opinion as Professor Channing and Profes- 
sors Brackett and Young as to the meaning of the fifth 
claim in the Bell patent, and says that he does not find 
in that patent any <lescription of an apparatus capable 
- of transmitting and reproducing articulate speech, so 
that conversations can be carried on between separate 
stations. 

And on page 666 he says that there is nothing what- 
ever in the patent which would indicate to a person 
skilled as an electrician that the instrument would or 
would not transmit speech, or was designed for the 
purpose of transmitting speech. 

And on page 654, speaking of the distinction be- 
tween a voltaic current and a magneto-current, he 


Says : 


‘* T mean to say that the differences are sufficient to make it 
necessary to employ different instruments when we propose to use 
what is generally understood by electricians as a galvanic current, 
in place of a magnetic current, as indicated in the Bell patent, in 
reference to figure 7. In other words, we should have to convert 
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the transmitter into a microphone, when it would cease to be, as it 
is now, an instrument of double office, capable of acting both as 


transmitter and receiver.” 


And on page 660, speaking of his testimony in the 


Spencer case, he says: 


‘Tam still of the opinion that any such rupture of contact as I 
there refer to is inconsistent with the articulate transmission of 
speech, but various statements which I have heard from others lead 
me to be at present of the opinion that very minute ruptures of con- 
tact are consistent with the transmission of articulate speech, or, 
still further, that articulate speech may actually be transmitted by 


means of successive minute or brief interruptions.” 


And on page 662, speaking of the Molecular trans- 


mitter, he says: 


‘* T believe that this transmitter makes and breaks this current 
at numerous points during its operation, though I do not think that 
it interrupts the entire current or interrupts the current everywhere 
at any one time. In the Blake transmitter, it is my impression that 
there is never any rupture or renewal of contact, but there is simply 
a variation in the minute distance, probably something less than a 
two-thousandth of an inch, by which the electrodes are separated, 
such separation being consistent with what we know as mechanical 
contact. In other words, we say that two bodies are mechanically 
in contact when they are separated, as a matter of fact, by a dis- 


tance not greater than a two-thousandth of an inch, and it is my 
belief that the action of the Blake transmitter depends upon mo- 
tions of approach and recession, between the electrodes included 


within this distance.” 


Second Patent, No. 186.787. 


The decree is also erroneous in that it finds that the 
defendant infringed the 6th, 7th and 8th claims of 
patent 186,787. The testimony on the subject of these 
claims is very brief; on the part of the complainant it 
is that of Prof. Cross and is found on pages 72 to 76, 
inclusive. The bill of complaint charged the defend- 


ants also with having infringed the fifth claim of patent 
186,787 ; on that claim the Court decided in favor of 
the defendant and dismissed the bill. Prof. Cross’s 
statement of the similarity of the defendants’ devices 
with those deseribed in the 5th, 6th, 7th and 8th claims 
of the second patent is included in the answer to 
interrogatory 31. Claim 6 is for the combination with 
an electric telephone of a sounding box. The patent 
does not describe the function or purpose of that 
sounding box, nor, in fact, is it alluded to in the speci- 
fication; itis shown in the drawing and Prof. Cross 
says (page 72, third subdivision of answer 30) that one 
of the chief improvements found in Bell’s second 
patent is the use of a sounding box by which the plate 
of the instrument is protected from disturbing vibra- 
tions. 

We remark upon that, first, that it is not an inven- 
tion. It is the merest mechanical device, which, of 
course, would occur to any one the moment it was 
found that there were any such things as disturbing 
vibrations. It is nota combination. There is no com- 
mon object or purpose effected by the box combined 
with any other part of the instrument. As weli might 
he have said that holding his hand or a piece of paste- 
board on the top of the diaphragm was a_ patentable 
invention, or that it was thereby a combination with an 
electric telephone. Prof. Cross finds these claims of 
the second patent only in the defendants’ receiver. He 
does not pretend to find them in the defendants’ trans- 
mitter. The ‘th claim is for the employment of a 
speaking or hearing tube for conveying sounds to or 
from the telephone, in combination with an electric tele- 
phone, as therein described. The Court will note the 
long tube attached to the instruments of that patent, 
shown on page 50; they will note the mere opening 
to the diaphragm shown in the defendants’ receiver, 
and they will note the briliancy of imagination of Prof. 
Cross in describing a hole andatube as the same thing. 
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The 8th claim is this: ‘Ina system of electric 
telephony the combination of a permanent magnet with 
a plate of iron or steel or other material capable of in- 
ductive action, with coils upon the end or ends of such 
magnet nearest the plate, substantially as set forth.” 
This claim would seem to refer only to the transmitter, 
as it refersto a material capable of inductive action, 
and therefore, of course, to be used to produce induced 
action; the plate in the receiver is not used for induc- 
tive action, but, on the contrary, is acted upon by the 
magnet. So tar as it acts inductively on that magnet 
its results are to be deprecated as tending to throw the 
same voice back again. The statement of Prot. Cross 
that he finds that the receivers used by the defendants 
might be connected and used reciprocally as transmit- 
ters and receivers, is wholly unimportant; there is no 
evidence that the defendants have ever so used them, 
on the contrary, the evidence is that the receivers are 
used in connection with the microphone transmitters 
before described. 

Turning now to the witnesses for the defense, we find 
on page 354 that Prof. Morton testifies that in the Ex- 
hibit “‘ Defendants’ Receiver,” he does not find any 
sounding box, such as described in claim 6 of patent 
186,787, nor does he find any hearing tube for conveying 


to the ear the sounds produced dy the vibration of the 
plate, and as stated in claim 7 ; and with reference to the 
5th and 8th claims, hesaysthat the magnet described in 


a = ah ee ee , 
the Exhibit “ Schellen Translation” is identical with 
the magnet described in the 5th and 8th claims of pat- 
ent 186,787, As we remember, the witness is asked no 


question upon the subject of these claims upon cross- 
examination. On page 632 the witness also testifies 
that,in his opinion, the Exhibit “‘ Holcomb Telephone ” 
describes practically all the inventions claimed to be 
found in the 5th, 6th, 7th and 8th claims of patent 
186,787. 
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Turning now to the testimony of Prof. Channing, on 


page 379, we find that he fully agrees with Prof. Mor- 
ton, and says that as to the claims 6 and 7, neither 
the sounding box or hearing tube are found in the de- 
fendants’ Receiver; and with respect to claims 5 and 8, 
that the magnet there referred to is identical with that 
described in the Schellen translation. On page 550 
the witness compares the patent 186,787, with refer- 
ence to the 5th, 6th, 7th and Sth claims, with the Ex- 
hibit ‘‘ Holeomb Telephone,” and says that the claims 
described in the patent 186,787 are found in the Ex- 
hibit “‘ Holeomb Telephone.” He also states that Ex- 
hibit ‘‘ Specification for Letters Patent No. 32,478,” 
dated June 4, 1861, granted to Holcomb for a magnet, 
described a magnet whick is identical in structure and 
action with the magnets described in the 5th and 8th 
claims of patent to Bell 186,787. 

Prof. Brackett, on pages 361-2, expresses the same 
opinion with regard to these, claims of the second 
patent which had been expressed by Professors Morton 
and Channing. He says that the magnet shown in Ex- 
hibit ‘‘ Schellen ‘Translation ” is substantially the same 
as that shown and referred to in claims 5 and 8 of the 
second patent, and that he does not find either the 
sounding box or the speaking tube of the 6th and 7th 
claims of patent 186,787 in the Exhibit “ Defendants’ 
Receiver.” The witness also says, on pages 532-535, 
that claims 5, 6, 7 and 8 of Bell’s patent 186,787 are 
substantially found and described in the Exhibit “‘ Hol- 
comb Telephone;” that the devices are substantially 
the same. 

So far as mere 7pse dixit is concerned, we certainly 
have the advantage in the way of numbers. The ex- 
hibits, however, ave in evidence, and the Court can 
supplement this testimony of the experts by their own 
personal examination and inferences. The exhibit 
“Schellen Translation” is found on pages 747 to 749, 
inclusive. The figure to the right, page on 748, ex- 


hibits the magnet with the coil on the ends. The pat- 
ent to Holeomb, referred to, is found on page 85, with 
the drawing on page 184; the coil on the end of the 
magnet is shown only in figure 1, figure 2 representing 


only the permanent magnet. 

In this connection the attention of the Court is 
asked to the exhibits showing Dr. Vanderweide’s in- 
ventions and adsptations, aud to the exhibits showing 
Holcomb’s telephone, even assuming it to be, as coun- 
sel for the complainant. would have us believe, merely 
a phonetic telegraph, and intended for use only asa 
recelver. 


LAST. 


We submit that, in view of the state of the art, 
Bell’s Patent 174,465 must be limited, either 


1. As a patent for a multiple telegraph, or a suusical 
telephone ; or, 


2. Asa patent for the magneto method of transmit- 
ting sounds by the energy of air waves and electricity. 


That in either case the fifth claim is not infringed by 
the method or apparatus used by the defendants. 
That neither the fifth, sixth, seventh or eighth claims 


of the patent No. 186,787 are infringed by the receiver 


used by the defendants. 
That the judgment of the Court below should be 
reversed, and the cause remanded to the Court below, 


with instructions to dismiss the bill, with costs. 
GROSVENOR LowWREY, 
WHEELER H. PECKHAM, 
H. D. DONNELLY. 
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THe HisrortcAL DEVELOPMENT OF TELEPHONY. 


Since it is the province of this present work to treat 
only of the application of electricity and magnetism, it 
is not necessary to discuss carefully those experiments 
whose object is to render audible by non-electric means 
the spoken word at a greater distance than the human 
voice can reach. Hence we shall only mention briefly 
here the methods relating thereto, which are partly in 
use at the present time. | 

Already in 1667 R. Hooke announced that astretched 
cord could transmit to a considerable distance both 
tones and spoken words. At present the string tele- 
phone is a widely known child’s toy. It consists of 
two metal or eard-board boxes whose bottoms are con- 
nected with each other by a stretched string. Talking 
into the box at one end of the string is heard at the 
other end of the string, if the ear is held to the box at 
that end. It is not known to whom to aseribe the in- 
vention of this string telephone. For along time it is 
said to have been used in Spain as a means of com- 
munication between lovers. On the other hand, the in- 
vention of it is ascribed to Adolph L. Weinhold. Mor- 
land, as is well known, invented in 1670 the speaking- 
tube, much used at the present time. In 1819 Wheat- 
stone produced his magic lyre. In this a spruce rod 
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connected with a sounding-board served to transmit 
sound. 

The fundamental experiment for the electric tele- 
phone is the galvanic tones discovered in 1837 by 
Page, and critically studied since by Wertheim, De La 
Rue and others. The galvanic tones arise by the mag- 
netization and demagnetization at very short intervals 
of an iron rod. This experiment also forms the foun- 
dation of the first telephone by Philipp Reis. The 
priority of the German inventor has been much ques- 
tioned, still we believe that in all the existing, very ex- 
tensive mass of material there is nothing that can form 
a reasonable basis for earnest doubt. A claim for 
priority has been sought lately for Ch. Bourseul, on 
account of an article which Dr. Luckenbein published 
in “ LIllustration,” of the 26th Aug., 1854. We give 
the places in the article referring to this subject. 

“T have asked myself, for example, whether it may 
not be possible to transmit speech by electrical means ; 
ina word, whether we might not be able to hear in 
Paris what was spoken in Vienna. The thing is prac- 
ticable, and in the following manner. Tones are, as is 
known, formed by vibrations and are brought to the 
ear by vibrations of the air (sound-waves). But the 
intensity of the latter vibrations decreases very rapidly 
with the increase of the distance, so that in the speak- 
ing-tube we soon reach a limit beyond which we can- 
not pass. Let us suppose that we speak against a 
metal plate, which is so movable and flexible as to re- 
produce all the vibrations produced by the voice and 
that this plate be so connected with an electric current 
that it should alternately make and break the cur- 
rent according to the air vibrations by which it 
is struek—then it would be also possible to so ar- 
range a second similarly constructed metal plate, that 
it should simultaneously complete exactly the same 
vibrations.” It is then expressly said if the plate were 
so made that it would be possible and this, 
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in our opinion, is nothing more than the wzsh to in- 
vent the telephone. 

That Bourseul did not fulfill this wish, is shown by 
the following passages: “ Without doubt the intensity 
of the tone-vibrations produced at the place where the 
metal-plate vibrates by the voice, would be changeable, 
whereas at the point where the metal-plate vibrates by 
means of electricity it remains constant. But it is well 
known that this in no way changes the pitch. So it is 
plain, that the tones will be reproduced in the same 
pitch of the seale. The present condition of acoustical 
science does not permit us to assert, a priori, that the sume 
conditions hold true for the spoken syllables of human 
speech. It is not yet known how those sounds are pro- 
However, it may be, the syllables 
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duced 
van be exactly reproduced by sound-waves : reproduce 
exactly these sound-waves and you will also have exactly 
reproduced the spoken syllables.” From these passages 
it seems to us perfectly clear that Bourseul did not 
know how the plate must be formed, how it must be 
electrically connected with a second plate, and how the 
sound-waves should be exactly reproduced in order to 
reproduce the syllables, let alone having made a suit- 
able instrument. In the notice quoted, in conclusion 
it is also stated: “I have commenced experiments, 
which are difficult and demand time and patience, but 
the success attained permits us to foresee a favorable 
result.” The result then was not yet reached, and no- 
where are to be found the means and manner desig- 
nated by which to reach the sought-for result, and the 
less so, since we consider the ruling and generally ac- 
cepted theory of the time, that a plate must be regu- 
lated to different high tones by more or lesser tension. 

The priority of Reis has also been attacked by asserting 
that Reis in fact had produced an instrument, by which 
tones could be transmitted at great distances, but 
which was not able to reproduce human speech. Yet 
this view cannot be maintained, if one will give an im- 
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partial consideration to the existing documents and 
publications. Reis is, as Grahwinkle very well stated 
it, not the inventor of a telephone, but of the telephone. 


Philipp Reis was born on the 7th Jan., 1834, at 
Gelnhausen. His father, master-baker and farmer 
Reis, soon recognized the prominent mental qualities 
of his son, and sent him therefore to the Garnier Edu- 
eational Institute, in Friedrichsdorf, near Homburg. 
He left here at fourteen years of age, and then received 
farther education in the Hassel Institute, at Frankfort- 
on-the-Main. Although his teachers, advised the young 
Reis to go to the Polytechnical School, at Carlsrulie, 
he was compelled, deferring to the influence of his 
uncle, to devote himself to a mereantile career. He 
entered, at sixteen years of age, as an apprentice, a 
color and dyeing establishment, but studied eagerly in 
his leisure hours chemistry, physics, mathematics, and 
attended lectures on Natural Science at the Business 
Sehool. 

When he had finished his apprenticeship, he re- 
nounced his mereantile career and entered the school 
of Dr. Poppe, at Frankfort, in order to devote himself 
to the profession of teaching. In 1855 he was obliged 
to go to Cassel to fulfill his military duty, and 
afterwards, in 1858, received a position as teacher 
in the Garnier Institute. Already, early in the year 
1852, Reis was busy with experiments in refer- 
ence to the transmission of sound. As he had no 
means at his disposal, he had to help himself with very 
primitive apparatus. The first apparatus consisted, 
according to reports of Dr. Messel, of a beer-cask, in 
whose bunghole a small cone was placed. This was 
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closed at its narrower end by an animal membrane, 
upon which was fastened by means of a bit of sealing 


wax a strip of platinum or wire. This strip opened 
4 and closed the current according to the vibra- 
tions of the membrane. As simple in form was 


the receiver, @ ¢é, that apparatus which should 

receive the current impulses and reproduce the 

| tone. It consisted of a knitting needle surrounded by 

| a coil of wire and fastened upon a violin; the violin 
served as a sounding-box. Later he gave to the sender— 
that is, to the instrument which sends to the receiver 

| the current impulses, and which receiving the sound 
waves transforms them into the electric impulses—the 
form of the human ear, as represented in Fig. 637. 

{ 


In this model, roughly carved out of wood, the plati- 
num wire 7 was fastened at one end by sealing-wax 
upon the membrane M, and, therefore, in a manner 
represented the “hammer” of the human ear. The 
platinum contract L, fastened at its free end to the 
spring KR, was placed opposite this. The screw V 
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allowed the regulating of this spring. The wires P P’ 
were the connections of the instrument with the 
battery. When then the membrane M was set in vibra- 
tion by sound-waves, the circuit P, 7, L, R, and P’ must 
be correspondingly opened and closed, depending upon 
whether f and L were separated or touched. 

The apparatus, in course of time, underwent many 
changes which would carry us us too far to describe. 
Moreover, the experiments with the apparatus first con- 
structed gave no satisfactory results. This is the rea- 
son for passing herefrom immediately to the description 
of the final apparatus.* (Here follows cut and 
description of the square-box transmitter and needle 
receiver copied from Pisko’s book.) The author, how- 
ever, explains the action as follows: When one speaks 
or sings into the mouth-piece S, the air enclosed in the 
box begins to vibrate and the membrane m must take part 
in the vibrations. The vibrations of the air, as is easily 
seen, cause changes of the contact at S, and thereby 
variations of current in the circuit. These call forth 
changes of the magnetic condition of the iron core, 
which hence falls into vibration and so reproduces the 
sound-waves which caused the vibration of the mem- 
brane. 

For the first time, and still in very primitive form, 
Reis showed his apparatus to the Physical Society at 
Frankfort-on-the-Main, in 1861, and to the same 
Society, on July 4th, 1863, in the form represented in 
Fig. 638. This time transmitter and receiver were 
separated 300 feet. 

Dr. Boettger showed the apparatus in 1863 to the 
Assembly of Natural Scientists at Stettin. The ap- 


* This latter is pictured and very fully described in Dr. F. J. 
Pisko’s ‘‘ Die neueren Apparate der Akustik,’ Wien, 1865. This 
book contains also exact data of the results of experiment which 
the author of the work cited had obtained. Fig. 638 is taken from 
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paratus was made by Albert in Frankfort, and later by 
Hauck in Vienna, and a circular composed by Reis was 
added with each instrument. 

The circular reads,* ‘Telephones. Each apparatus 
consists, as can be seen from Fig. 638, of two parts, the 
real telephone A, and the reproducing apparatus C. 
These two parts are set up at such a distance apart 
that the singing or toning of one musical instrument 
can be heard from one station to another in no other 
manner than through the apparatus. Both parts are 
connected with each other and with the battery b, like 
ordinary telegraphs. This battery must be sufficient to 
produce at station A the attraction of the armature of 
the electro-magnet (V), attached to the side (3 to 4 
Bunsen cells are sufficient for a distance of several 
hundred feet). 

The galvanic current passes then from R to the bind- 
ing post at 7; from here by the copper strip to the 
small platinum plate upon the middle of the membrane, 
thence through the pin at S of the triangular piece to 
the screw b, in the hollow of which is placed a drop of 
mercury. Thence the current passes through the small 
telegraphic apparatus ev, then to the key station C, 
and through the coil back to B. 

If now sufficiently strong tones are produced before 
the opening serving to receive the sound, through the 
vibrations of the tones, the membrane and the little 
angular-shaped hammer resting upon it are set in vibra- 
tion ; the circuit will be opened and closed once for 
every full vibration, and thereby at station C the same 
number of vibrations will be produced in the iron rod 
of the coilas are heard at the other end as tone or tone 
combination (accord). The tones at C are much in- 
creased by tightly pressing the cover upon the coil. 
Besides the human voice (according to my experience), 


* F. J. Pisko, ‘‘ Die neueren Apparate der Akustik,” p. 241. 
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allowed the regulating of this spring. The wires P P’ 


were the connections of the instrument with the 
battery. When then the membrane M was set in vibra- 
tion by sound-waves, the circuit P, 7, L, R, and P’ must 
be correspondingly opened and closed, depending upon 
whether f and L were separated or touched. 

The apparatus, in course of time, underwent many 
changes which would carry us us too far to describe. 
Moreover, the experiments with the apparatus first con- 
structed gave no satisfactory results. This is the rea- 
son for passing herefrom immediately to the description 
of the final apparatus.* (Here follows cut and 
description of the square-box transmitter and needle 
receiver copied from Pisko’s book.) The author, how- 
ever, explains the action as follows: When one speaks 
or sings into the mouth-piece 8, the air enclosed in the 
box begins to vibrate and the membrane m must take part 
in the vibrations. ‘The vibrations of the air, as is easily 
seen, cause changes of the contact at S, and thereby 
variations of current in the circuit. These call forth 
changes of the magnetic condition of the iron core, 
which hence falls into vibration and so reproduces the 
sound-waves which caused the vibration of the mem- 
brane. 

For the first time, and still in very primitive form, 
Reis showed his apparatus to the Physical Society at 
Frankfort-on-the-Main, in 1861, and to the same 
Society, on July 4th, 1863, in the form represented in 
Fig. 638. This time transmitter and receiver were 
separated 300 feet. 

Dr. Boettger showed the apparatus in 1863 to the 
Assembly of Natural Scientists at Stettin. The ap- 


* This latter is pictured and very fully described in Dr. F. J. 
Pisko’s ‘‘ Die neueren Apparate der Akustik,” Wien, 1865. This 
book contains also exact data of the results of experiment which 
the author of the work cited had obtained. Fig. 638 is taken from 
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paratus was made by Albert in Frankfort, and later by 
Hauck in Vienna, and a circular composed by Reis was 
added with each instrument. 

The circular reads,* ‘Telephones. Each apparatus 
consists, as can be seen from Fig. 638, of two parts, the 
real telephone A, and the reproducing apparatus C. 
These two parts are set up at such a distance apart 
that the singing or toning of one musical instrument 
ean be heard from one station to another in no other 
manner than through the apparatus. Both parts are 
connected with each other and with the battery Bb, like 
ordinary telegraphs. This battery must be sufficient to 
produce at station A the attraction of the armature of 
the electro-magnet (V), attached to the side (3 to 4 
Bunsen cells are sufficient for a distance of several 
hundred feet). 

The galvanic current passes then from R to the bind- 
ing post at 2; from here by the copper strip to the 
small platinum plate upon the middle of the membrane, 
thence through the pin at S of the triangular piece to 
the screw 6, in the hollow of which is placed a drop of 
mereury. Thence the current passes through the small 
telegraphic apparatus ev, then to the key station C, 
and through the coil back to B. 

If now sufficiently strong tones are produced before 
the opening serving to receive the sound, through the 
vibrations of the tones, the membrane and the little 
angular-shaped hammer resting upon it are set in vibra- 
tion ; the cireuit will be opened and closed once for 
every full vibration, and thereby at station C the same 
number of vibrations will be produced in the iron rod 
of the coilas are heard at the other end as tone or tone 
combination (accord). The tones at C are much in- 
creased by tightly pressing the cover upon the coil. 
Besides the human voice (according to my experience), 
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the tones of a good organ pipe von F—# and those of 
the piano can be reproduced. 

For the latter purpose A is placed upon the sound- 
ing-board of the piano. (A skillful experimenter was 
able to recognize 10 trichords out of 13). As regards 
the attached telegraph apparatus, it is plain that it 1s 
unnecessary to the reproduction of tones ; but it 1s a very 
convenient attachment for convenient experimenting. 
This is worked somewhat in the following simple man- 
ner: After the apparatus is set up complete, by open- 
ing and closing the circuit one can test the continuity of 
the circuit, by hearing at A the stroke of the armature, 
and at C a very audible click of the coil. The circular 
coil then gives forth a sort of alphabet, by means of 
which correspondence can be carried on. 

There has been much eager discussion as to whether 
the Reis telephone was able to transmit only tones or 
also words. From the documerts at hand, we consider 
it beyond all doubt that words were also transmitted, 
and as a proof of this, we would add to the material 
which Thompson in his Biography of Reis* has most 
carefully collected, a letter in autographic form, which 
was written by Reis to F. J. Pisko (Fig. 639) on the 
18th of October, 1863. 

We call attention to the following passage in this 
letter: “The instrument gives whole melodies, the 
scale between C and ¢ very well, and I assure you that 
if you will visit me here, I will show you that one is 
able to understand also words.” 


* We refer here to Thompson: Philipp Reis, Inventor of the 
Telephone, ‘‘ La Lumiere Electrique,” Vols. VI., VII., X., XII. 
Elektrotechnische Zeitschrift, Vol. IV., Uppenborn. Zeitschrift 
fur angewandte Elektricitiit, Vol. IV.; Zeitschrift fur Elektro- 
technik II., etc., etc., at foot of page 2. 
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Reis’ letter to F. J. Pisko, author of “ Die neuren 
Apparate der Akustik,” Wien, 1865.* 


Most Honorep Sir: 


In answer to your distinguished favorof the 16th inst., allow me 
first to express to you my thanks for your friendly interest in my 
invention and for kindly sending me your interesting article. 

Your wish regarding the sending of articles and drawings I can 
fulfill only very imperfectly, as my time does not permit me to 
comply with the demands in this regard that are made upon me 
from all sides. 

I therefore refer you to the only article published by me (Bericht 
des physikal. Vereins zu Frankfurt a—M, 1866-1861), which you 
can surely obtain there. Furthermore, the apparatus of the latest 
construction will be described in Pouillet—Mueller’s Lehrbuch der 
Physik, last edition (in press). Moreover, I add description, as is 
done with each instrument, and would say to you that Mr. Hauck, 
mechanician in your place, has ordered an instrument and can cer- 
tainly give you information. 

Regarding the explanation upon page 15 of your programme, I 
must say that the conclusions drawn, although rightly based upon 
former suppositions, are totally false (simply because the suppositions 
are false). The apparatus produces whole melodies, the scale be- 
tween C and e very well, and I assure that, if you will visit me here, 
I will convince you that one is able to understand also words. 

How is it that the tympanum of our ear can reproduce all tones 
with their quality (Klangfarbe), Accords, ete.? ? ?! 

It would certainly be best if you would convince yourself of the 
simplicity and correctness of the facts. 

With especial regard, 
Yours obediently, 
(Signed) PH. REIS. 

Friedrichsdorf 18 | 10 | 63. 


* Mr. Government-Councillor Director F. J. Pisko had the kind- 
ness to put this interesting letter at my disposal. Regarding the 
contents of this letter, it must be here remarked that at this time it 
was thought that a membrane must be regulated for different 
pitches by a difference of tension, and that it could not produce all 
tones at once. Hence it could not, in fact, be expected, that without 
a regulating device on a membrane, it would be able to take up and 
reproduce all the tones of a sound. Practice has here corrected 
theory. 
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Reis recognized also the importance of his invention, 
which at that time was called “ toy,” asis clear from a 
remark that he made to Garnier: ‘‘ That he had shown 
the world the way to a great invention, but he must now 
leave to others the development of the same.” In the 
year 1862 Poggendortff refused a description of the ap- 
paratus sent in for the ‘ Annalen,” because he held the 
transmission of the sounds of speech by means of elec- 
tricity as a “myth.” In 1864, after the telephone had 
already been shown many times in different assemblies, 
Poggendorff sought for an article. 

gut to this request the poor, undeceived school- 
teacher answered: ‘‘ I thank you very much, Professor ; 
it is too late. Now, J will not send it. My apparatus 
will become known even without a description in the 
‘ Annalen.” 

Far in advance of his age, misunderstood and little 
encouraged, a disease of the lungs completed what sick- 
ness and discouragement had begun; in 1873 his ill- 
ness brought the pitiable inventor to his sick-bed, after 
he had already in 1871 lost his voice ; he seemed, how- 
ever, to recover,. and again took up his duties as 
teacher. 

He died January 14th, 1874, and rests in the church- 
yard at Friedrichsdorf, where a monument was erected 
to him by the Physical Society of Frankfort-on-the- 
Main. 


a 
i et, 
. aa 


s 
—E 
al 


APPHN DIX NO. 2. 


This appendix consists of a paper prepared by the 
witness Paddock for another purpose, but which is 
printed entire and without alteration. 


MErcHANICAL DEFECTS IN REIS INSTRUMENTS. 


The Reis instruments are known to us, in the order of 
their invention, as the Bored Block, the Reis-Legat 
and the Cubical Box Transmitters ; the Knitting-Needle, 
and the Reis-Legat Receivers. 

The Bored Block Transmitter, in the original instru- 
ment possessed by me, consists of a block of wood 
bored with a conical hole, whose larger diameter is 24 
inches, and whose smaller diameter is 73 of an ineh. 
Over this smaller opening is stretched a piece of animal 
membrane, evidently that of an intestine of some 
animal. Itis held in place by simply being pasted to 
the wood. The electrodes or contact-pieces are both 
of platinum, one a small disc glued to the centre of the 
membrane, and the other a short platinum wire soldered 
at right angles to a thin strip of brass, which forms 
with it the so-called ‘ hammer-piece” of the trans- 
mitter. | 

Leaving out of question the mode of operation of 
this instrument, whether by a broken or unbroken cur- 
rent, there are many difficulties of a mechanical nature 
which stand .in the way of its perfect operation. In 
the first place, a diaphragm of animal membrane re- 
sponds to the vibrations of the human voice only when 
stretched and under considerable tension, and then at 
its best with an approximate accuracy. Moreover, the 
tension is continually changing from atmospheric 
changes, and especially from the moisture of the breath 
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g, so that a part only of the vibrations of 
the voice are taken up by this membrane, and these 


while speaking 


vibrations are, further on, impaired by passing to the 
platinum disc ; for, unless that disc is secured in inti- 
mate and close contact at every point with the mem- 
brane, the vibrations are imperfectly transmitted ; and 
in practice it never is so secured. The wax or glue 
which fastens the two is warm when attached, and 
necessarily contracts in cooling, and subsequently, 
under the jarring of the voice, is detached at many points 
from both membrane and disc. So rapid is this action 
that the dise often becomes entirely detached, and 
has to be reset. Attention was called to this difficulty 
by Pisko in 1865. It follows from the above conditions 
that many vibrations are lost and others are impaired 
at the very outset. 

Another source of difficulty is found in the “ brass 
strip” which forms the “ hammer-piece ” of the trans- 
mitter. It is, of course, a necessary requisite that this 
hammer-piece should follow accurately the vibrations 
of the membrane or diaphragm, whether the electric 
current is reduced to zero by the parting of the 
contacts at each vibration or not; but, for mechanical 
reasons, this is not the case. The brass strip is held at 
one end by a “binding-post;” the opposite 
end being left free. When this hammer-piece 
is “pushed back” by the advancing diaphragm the 
voice is the moving-force, and the hammer- 
piece moves in accordance with it and against its own 
elasticity and tension; but when following the dia- 
phragms in the opposite phase of the vibration it 
moves in obedience to its elasticity and tension, which 
are here the moving force. The lack of suitable means 
to regulate this elasticity and tension render it difficult 
to operate the instrument successfully. However, with 
patience and care it has been so operated, without any 
alteration or additional devices whatever. 

In order to demonstrate to the eye or ear at the 
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transmitter that “ breaks ” are produced in its mode of 
operation, it 1s necessary to speak to it in a violent and 
explosive manner, and under these conditions it will 
transmit many words and sentences. It is probable in 
this case that the hammer-piece does not move with 
sufficient rapidity and freedom, and that the ‘“ breaks” 
produced are not at “ each and every vibration.” 
Perhaps my meaning here will be made clearer by a 
graphical illustration, taken from the tracings made by a 
delicate pointer, then attached to a diaphragm actuated | 
by the human voice, thus, in a certain degree, accur- 
ately representing the vibrations in question. ‘Taking 
this one, representing the vibrations produced by the 


vowel 0 in “ mood.” (A very rude copy, but it answers 
the purpose. ) | 


(The curves are omitted.) 


Figs. 1, 2, 3, 4, 5, 6, &¢., may represent single vibra- 
tions so modified in character as to produce the sound 
of this letter. Now, if we consider the diaphragm as 
passing through the details of this vibration, the ham- 
mer-piece which follows it, breaks contact at the highest 


as its elasticity will permit. In such a case it might be 
said that it breaks contact at each and every principal 
vibration. 

In the case of the vibrations produced by such a 
word as “ incomprehensibility.” 


(Curve omitted.) 


The facility with which the hammer-piece can follow 
the diaphragm in and out through these sharp and sud- 
den alterations of motion will determine where the 
“ breaks” will occur. When it is possible for the ham- 


: ; 
mer-piece to move with the desired mobility, articulate Wl 
speech is transmitted clearly and distinctly, and breaks | 
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are undoubtedly present, as shown by photographic 
records of the mcvement of the diaphragm and ham- 
mer-piece. Photographic records of the vibrations of 
the diaphragm at the receiver will further demonstrate 
the parting of the electric current at such breaks. 

On the original Reis transmitter the sound of the 
“ breaking,” when the instrument is operating best, ap- 
proaches to that of a musical note, not far from the 
fundamental tone of the human voice. Experiments 
might be devised in which the number of such breaks 
should be compared with the number of vibrations 
constituting such fundamental tone as bearmmg upon 
Reis’ statement that the current is broken at each vi- 
bration. 

In the Reis-Legat transmitter the mechanical duif- 
ficulties, as far as regards the diaphragm, are the 
same; but in this! instrument the “lever” or S- 
shaped arm, which takes the place of the “ hammer- 
piece ” in the first or bored block form, presents both ad- 
vantages and disadvantages over that form. Its ad- 
vantages are foundin an adjusting screw and lght 
spring, which furnish a means of regulating the elec- 
trodes, and its disadvantages are found in the “lever” 
being able to follow the diaphragm perfectly by reason 
of its non-attachment to that diaphragm and the labil- 
ity of the lever to mgve on its fulerum during vibration. 
These difficulties are easily removed by a few mechan- 
ical changes, and the instrument then becomes a decid- 
ed improvement on the bored block form, and a step 
leading to the final form—the Cubical Box Transmitter. 
In this last transmitter the force of gravity or weight 
of the “ hammer-piece ” plays the important part in the 
operation of the instrument. The “ hammer-piece ” is 
lifted against this weight and returns in obedience to 
it, and if the movement of this hammer-piece under 
sravity had been left unhampered by additional details 
in its structure, it would have operated far better than 
any of the previous forms, since “gravity” has been 
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found to be superior to all springs and mechanical de- 
vices for this purpose, and the force chiefly relied upon 
in modern commercial battery transmitters. This ham- 
mer-piece, as is well known, is formed of an angular 
piece of metal, supported at three points, and each in 
a different manner. At the vertex of the angle, and di- 
rectly over the centre of the diaphragm, it is supported 
by the “platinum foot,” which forms one electrode. At 
one extremity of the angle it is supported by a screw, 
which passes through a circular hole in the metal-strip, 
and at the other extremity by a peg or foot which dips 
down into a cup of mercury. 

The electric current enters by means of the mercury- 
cup to the angle and passes out by its platinum-foot to 
« platinum-dise on the centre of the diaphragm. The 
other arm of the angle conveys none of the “ current.” 
When in operation, the point of support directly over 
the centre of the diaphragm (viz., the platinum foot), is 
lifted and allowed to fall back again with each vibra- 
tion ; at the same time, however, displacing slightly the 
other two points of support. This displacement is in- 
appreciable with a single vibration, but accumulates 
under the rapidly vibrating motion, and very soon the 
hammer-piece is impeded in its movements, either by 
the friction of the peg on the sides of the mercury-cup 
or by the binding of the circular opening on the screw 
which passes through it. When this occurs the ham- 
mer-piece fails to respond accurately to the vibrations 
of the diaphragms, and speechis necessarily imperfectly 
transmitted. 

Another difficulty is that when in good working order 
this same hammer-piece is easily thrown out of its 
nicely-balanced condition by any extraneous. noises, 
such as the closing of a dooror by walking across the 
room, or even by speaking with too explosive an utter- 
ance ; and when so displaced there is no certain or defi- 
nite way of restoring the adjustment. It can only be 
accomplished by numerous trials, such as slightly lifting 
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cup to the angle and passes out by its platinum-foot to 
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When in operation, the point of support directly over 
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of the diaphragms, and speech is necessarily imperfectly 
transmitted. 

Another difficulty is that when in good working order 
this same hammer-piece is easily thrown out of its 
nicely-balanced condition by any extraneous noises, 
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such as the closing of a dooror by walking across the 
room, or even by speaking with too explosive an utter- 
ance ; and when so displaced there is no certain or defi- 
nite way of restoring the adjustment. It can only be 
accomplished by numerous trials, such as slightly lifting 
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the hammer-piece from its supports, moving it a hair’s 
breadth one side or the other, as I have more fully 
pointed out in my testimony in the Overland cases 
(Deft.’s Proofs, Vol. L., p. 667). 

The weight of the hammer-piece also must be neither 
too great nor too small, and the amount required will 
vary with each and every instrument, and can only be 
determined by practical tests, adapting the one to the 
other (Reis reserved this work for himself). I have 
found 16 to 20 grains to be the best weights for instru- 
ments used by me. ‘The hammer-piece of the Reis in- 
strument at Washington, and made by Koenig, weighs 
about 21 grains. 

The cubical box of this transmitter is an impediment 
rather than a help to its proper operation, for it is a 
well-recognized fact in acoustics that the resonance of 
such a box seriously impairs the articulation of the 
human voice. The reflected sounds mingling with the 
direct vibrations partially obliterate the latter or modify 
their character to a considerable degree. It is such 
impaired and disturbed vibrations which actuate the 
diaphragm of this instrument when it is spoken into 
through the mouth-piece. Much clearer and more dis- 
tinct articulation is obtained by speaking down into 
the diaphragm from above, without the intervention of 
the box, and much better still by removing the lid of 
the box and speaking under it. 

Turning now to the receivers; the knitting-needle 
and Reis-Legat are both good receivers and correctly 
reproduce whatever vibrations are transmitted by the 
electric current. Their principal defect lies in the 
Fuintness of the sounds which they emit, which renders 
many vibrations out of the reach of human hearing, un- 
less reinforced in some way, which the instrument does 
not provide. 


It has been ascertained by numerous experiments— 


First. That articulate speech is perfectly reproduced 
in a telephone receiver without a diaphragm. 
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Sreconp. That the core of the helix reproduces the | 
sounds vy itself. | 
Tuirp. That the coz/ of wire or helix without the iron 


-_ core will do the same. 

Without entering into the question of the nature of 
the changes which take place in the teceiver, if is suf- 
ficient to say that in the case of the sounds emitted by 
the coil and its iron core, they are undoubtedly produced 
by molecular contractions and expansions in the coil f 
and core itself, under the influence of a changing electrical | 
eguilibrium, and that they correspond to, and are exact i | 
reproductions of the cause of that change, whatever that if 
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cause may be, be it musical sounds or articulate speech. 


The failure of the ear to detect them all arises from the : 
| lack of proper means to reinforce and convey them to 
! the ear with sufficient intensity to affect the auditory 
| mechanism. The Reis knitting needle receiver aims at 


this by placing the coil and its core on a resonant box, 
which reinforces the sound somewhat, but at a disad- 
vantage, for had the needle been placed vertically in- 
stead of horizontally, and with its extremities resting 
against the box and its cover, the longitudinal vibra- 
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tions of the core would have been communicated directly 
| to the resonant box, and the sound would have been 
reinforced effectively. This was done by Prof. Eaton, 
| of Brooklyn, 77 1875, with markid success. 


Another point deserves mention, which is the peculiar 
“buzzing sound” so often spoken of as characteristic of 
\ this receiver. ‘This sound is dependent on the use of 


the transmitter. It is entirely absent when the trans- 
val mitter is spoken to in modulating tones. The receiver 
( is capable of producing smooth’ and even tones like - 
modern receivers; but they are very faint when thus 
produced, and the means of reinforcing them are not 
| sufficient to render all of them distinctly audible in the 
ear. | 
The Reis-Legat receiver has the advantage of adding | 
to the sounds produced by the core and coil, and much : 
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more effective vibrations of an iron armature placed in 
front of the core and acting under its influence. This 
armature carries a vertical sounding-board, which is 
intended to render its vibrations audible tothe.ear. In 
point of theoretical construction this instrument 1s 
identical with the modern magneto-receiver, and oper- 
ates upon precisely the same principle. The mechan- 
ical changes necessary to convert it into a modern tele- 
phone are simply the alteration of the shape of the 
armature and its manner of support. It will operate as 
it is, both as a receiver and a transmitter, the same as 
is the case with the Bell magneto-receiver. 

It might also be remarked in this connection that all 
battery transmitters, such as the Blake, Edison, &c., 
will also act as receivers, dispensing entirely with 
magneto coils in this case, and the same is true of the 
teis transmitters. In point of fact, any disturbance 
produced at a loose contact in an electric circuit will be 
faithfully reproduced at another loose contact. 


This I have verified by numerous experiments. 
Signed) JoHn R. PAppock. 
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APPHN DIX NO. 5. ’ 


History oF UNDULATORY CURRENTS IN 'ELEGRAPHY. 


\ Mr. Bell was not the first to use undulatory currents 
| ‘ . , ° id 
in a system of telegraphy. Such currents were well 
known in the telegraphic art and were used therein : 
i long prior to his alleged invention thereof. | 
In the year 1833, Messrs. Gauss & Weber, of Got- 
J ? ’ 
tingen, Germany, invented a telegraphic apparatus in 
oD ’ ? 5 


which undulatory currents were employed. It con- 


SN 


sisted of a single magnetic bar, or needle, inclosed ina 
coil of wire, and the currents were ;,..oduced by a mag- 
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neto-electric inductor. The inductor consisted of a 
hollow column or standard enclosing three straight, a 
permanent bar magnets, each weighing about twenty- | 
five pounds and having their poles placed in the same 
direction. Mounted upon the hollow cylindrical stand- 
ard was a wooden bobbin provided with handles, hav- 
ing about 7,000 convolutions of insulated copper wire 
wound upon it. The bobbin so mounted upon the top 
of the column surrounded the upper portion of the bar 
magnets, so that on its being lifted by the handles a 
current of electricity would be induced in the coil in 
one direction and on lowering the bobbin again a cur- 
rent would traverse the coil in the opposite direction. 
| The wires of the coil of the inductor suitably connected 
to a commutator, by means of which they communi- 
4 cated with the line wires. The receiving instrument 
consisted essentially of a large coil, or multipher, of in- 
sulated copper wire, the ends of which were suitably 
attached to the line wires. A permanent steel magnet 
about eighteen inches in length was suspended within | 
the coil or multiplier of the receiving instrument by a | 
number of silk fibers, from the ceiling of the room in : 
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which it was placed. The magnet was provided with a 
rod or spindle to which was attached a mirror in which 
could be observed, through a telescope placed at a dis- 
tance, the reflected image of a divided horizontal scale. 
By raising and lowering the bobbin of the inductor at 
the transmitting station the magnetic needle or bar 
suspended within the multiplier at the receiving station 
was deflected to the right or left as the case might be. 
An alphabet was arranged consisting of a combination of 
right and left deflections with a maximum of four ele- 
mentary signals in each letter. A slight deflection of 
the magnet was greatly multiplied by the action of the 
mirror and the telescope. The receiving apparatus so 
used contained the essential elements of the deflecting 
calvanometer now extensively employed in cable teleg- 
raphy. Gauss & Weber's line was erected between the 
Physical Cabinet and the Observatory of Gottingen, 
and was used for the purpose of transmitting magneto- 
electric currents between the transmitting and receiv- 
ing stations. The currents thus generated and used in 
their apparatus were in all respects substantially like 
those employed in the apparatus described and claimed 
in the Bell patents in suit. 

In the Dolbear case it was proven by Professor Dol- 
bear that the method of Gauss and Weber was substan- 
tially the same as that used in the apparatus shown in 
Fig. 5 of Bell’s patent of March 7, 1876. 

Dolbear Cireuit Record, 335, 416, 416, 418, 
419, 420. 


In the “ Telegraphic Journal and Electric Review,” 
London, November 15th, 1872, volume 1, page 4, Sir 
Charles Wheatstone describes an apparatus wherein 
magneto-electricity 1s employed for various purposes. 
Many means had been devised for the purpose of reg- 
istering at a distance the periodical motions of a ma- 
chine or the number of changes in the positions of a 
turnstile or a door. Those of the earliest dates were 
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merely mechanical, and their use was limited by the 
short distance to which the motions could be commu- 
nicated. Mechanical registers were of necessity cum- 
berous, and must remain exposed to view and dust, or 
be covered at great expense. 

So far back as 1840 Sir C. Wheatstone invented an 
instrument for this purpose, founded on the principles 
of his electro-magnetic step-by-step telegraph when 
voltaic electricity was applied thereto; but batteries 
involved troublesome chemical operations, and if not 
constantly attended to their mactivity caused the failure 
of the entire system. Voltaic batteries are subject to 
many accidents through which a temporary irregularity 
in the registration might ensue. They might be situ- 
ated in so cold a place that in winter the exciting liquid 
would be frozen or the vases cracked, or they might 
be exposed to the heat radiated from hot-air or 
water pipes, or other source of warmth, and the 
liquid evaporated to crystallization, the crystals 
forming a non-conducting coat upon the elec- 
trodes of the pile; but given success with the bat- 
tery the rapidly succeeding contacts rendered constant 
inspection necessary. The spark that appeared on 
breaking contact was nothing less than a minute particle 
of the metal of the contact-point in a state of incan- 
descence, and it followed that where the current passed 
and was interrupted many times a minute, the contact- 
points were speedily worn away. ‘This difficulty was 
subsequently overcome by employing magneto-electric 
currents in a suitable apparatus for the generation of 
such currents in an electric cireuit never broken. By 
reference to the publication it will be seen that the es- 
sential elements of the apparatus for generating the 
currents are a small compound permanent magnet hav- 
ing helices of fine wire with soft iron cores, one of which 
is attached to each of the poles of the permanent mag- 
net. ‘The magnet is also provided with an armature of 
soft iron. A spring to which the armature is attached 
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presses it against the soft iron cores of the bobbins, 
thereby maintaining the strength of the magnet when 
the apparatus is not in use. By means of suitable 
mechanism (eccentric and pitman shown in Fig. 3) the 
armature is caused to approach and recede from the 
poles of the magnet, thus inducing alternate currents 
in the coils thereof. These currents are transmitted by 
a leading wire to an indicator where they act by means 
of an electro-magnet upon a step-by-step motion which 
in turn operates the pointers of the dials precisely sim- 
ilar to the motion imparted to the needle of the receiv- 
ing instrument of the A-B-C-Telegraph. 

In this device au unbroken current of electricity 1s 
used, modified and rendered undulatory in form by the 
approach and recession of the armature to and from 
the poles of the electro-magnet. The current is pro- 
duced without a battery andis magneto-electric in char- 
acter like that employed in the apparatus described in 
the Bell patents. 

Another method and apparatus, in which undulatory 
eurrents are employed similar to those used in the Bell 
patents numbers 174,465 ard 186,787, are described and 
set forth in the “ Varley patent” which will be found 
between pages 546 and 566, Part Second of the Dowd 
record (O., pp. 3642-5658). The patent was sealed 
June 7th, 1870, and is dated April 8th, 1870. It de- 
elares the nature of the invention to be for ‘ improve- 
ments in electric telegraphs.” The invention has for 
its object the increase of the transmitting power of 
telegraphic circuits by enabling more than one operator 
to signal independent messages at the same time upon 
one or the same wire to and from independent stations. 

On page 554 of the Dowd record (O., p. 3647), the 


inventor says: 


‘‘ By my invention I superpose upon the currents used for work- 
ing the ordinary telegraphs rapid undulations or waves which do 
not practically alter the mechanical or chemical power of the 
ordinary signal currents, and by new apparatus hereinafter described, 
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these undulations are made to produce distinct and independent 
audible or other signals so long as these undulations are produced, 
whether ordinary signal currents be flowing or not.” 


The drawings of the patent exhibit an ordinary tele- 
graph line consisting of Morse instruments, sending 
key for Morse signals, and a battery connected to the 
key and with the earth. Condensers are connected to 
the line wire and key, and are by means of such key 
put into communication with the cymaphens or wave 
signal receiving instruments. 

One form of apparatus for generating and transmit- 
ting undulations or waves, shown in the drawings and 
described in the patent, consists of an induction coil, in 
the primary circuit of which are interposed a battery 
suitably connected with an electro-magnet between 
whose poles a tuning fork is placed, and so arranged 
that when at rest the battery current flowing through 
the electro-magnet causes the latter to attract the tun- 
ing fork and break the circuit; the magnetism then 
ceases and the tuning fork springs back and renews the 
circuit. In this way the tuning fork vibrates so long as 
the local battery is in action. The induction coil is 
provided with two primary coils wound in opposite di- 
rections and so connected to the contact springs, be- 
tween which one prong of the tuning fork vibrates, that 
currents alternately pass in the two primary coils, and 
at each alternation the polarity of the coil is reversed. 
The induction coil is also provided with a secondary 
wire, in which currents are induced by the changes in 
the polarity of the core of the coil. One end of the 
secondary wire of the induction coil is connected with 
the earth, and when a wave signal is to be sent, con- 
nection is made with the condenser-receiver and line 
wire by a Morse key, and thus there is produced in the 
condenser rapid charges and discharges, thereby caus- 
ing loud musical notes and sounds. When the finger 
key is in its normal position, the condenser is only in 
communication with the wave signalling instrument. 
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With the transmitting apparatus described in the 
Varley patent, a regular succession of electric waves of 
nearly sinusoidal form alternately positive and nega- 
tive are superposed upon the steady current of the line 
produced by the batteries in the line circuit. These 
waves or undulations are transmitted either to conden- 
ser-receivers or to a cymaphen, causing the same to pro- 
duce audible signals and musical tones. 

The wave signalling instrument called a cymaphen, 
consists essentially of an iron frame containing asound- 
ing board, over bridges, at the ends of which a hard 
drawn iron or steel wire is stretched and tuned so as to 
sound the same note as the transmitting instrument. 
This wire passes through a hollow helhx of insulated 
copper wire. The coil of wire is attached to the frame 
supporting the sounding board, but does not touch it. 
Two horse-shoe magnets are placed on each side of the 
wire. The currents magnetize the wire inside of the 
helix and thus cause it to be attracted and repelled 
from ove magnet to the other. The wire is_ properly 
tuned so as to vibrate synchronously with the apparatus 
causing alternations in the current at the transmitting 
station. 

The patentee says: “ By attaching a stethoscope 
to the sounding board for the hearer to rest his ear 
against very feeble sounds are rendered sufficiently 
audible. The sounding board may be replaced by a 
strained diaphragm or drum head on which one of the 
bridges over which the wire is strained is supported. 
This arrangement gives a better sound with very feeble 
currents, but with moderate currents the sounding 
board appears to have the advantage. Two sets of 
wave signals may be transmitted and received simul- 
taneously through the same wire and independently of 
the current signals, if a sufficient difference be made in 
the periods of the two sets of waves. Thus if waves 
of 200 vibrations in the second, and 850 or 900 vibra- 
tions in the second be simultaneously transmitted and 
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received by two separate cymaphens, the one adjusted 
to the slow and the other to the rapid vibrations, they 


may be separately read as the vibrations which affect 


the one are inoperative upon the other. The patentee 


says that various forms of receiving apparatus may be 


used, and among others he shows and describes a 
condenser-recelver. 


On page 563 of the Dowd Record, O., p. 3656, the 


| patentee says : | 
| ? 
5 , ‘* There are several methods of producing the electric waves in 
the line in addition to that already described. A tongue similar to 

those used in harmoniums is made to vibrate by a77 between contact 

points, and so to connect the condenser alternately with the battery 

| and the ground and so produce the alternations, or it may be made 


to connect the condenser alternately to the positive or negative pole 


oie 


of a battery whose opposite poles are connected to the earth. <A 


| magneto-machine rapidly rotating will do the above duty equally as 
| well if its speed of rotation be controlled by a good governor.” 


On page 564 of the Dowd Record, O., p. 3657, the 


patentee says: 


—————— 


‘*[ would remark that in electric-telegraphs the use of sound 


signals is not clained by me, and is not new ; for example, in work- 
ing step-by-step instruments in which a pointer should indicate the 
| . 


desired letter on a dial, it has been common when the instrument is 
out of order, or fails to indicate correctly, to give sound signals ; by 
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| its means such sound signals are read according to the Morse 
alphabet, a short sound such as the escapement of the receiving 


instrument makes when moving a few steps only representing a 


dot, and a long sound such as the escapement makes when moving 


ti 


over many steps representing a dash.” 
‘-Having thus described the nature of my invention, and the 
q manner Of performing the same, I would have it understood that I 
claim the construction of eiectric-telegraphs in such manner that 
current signals andl wave signals may be simultaneously trans- 
mitted through the same line wire, and may be rendered sensible 
at the receiving station by separate instruments, the one sensitive 
to currents of appreciable duration, and the other to electric waves 
or vibrations.” 
‘*T also claim the construction of electric-telegraphs with, at the 
transmitting station, an instrument capable of originating in the line 
wire a succession of rapid and regular electric waves, and at the 
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With the transmitting apparatus described in the 
Varley patent, a regular succession of electric waves of 
nearly sinusoidal form alternately positive and nega- 
tive are superposed upon the steady current of the line 
produced by the batteries in the line circuit. ‘These 
waves or undulations are transmitted either to conden- 
ser-receivers or to a cymaphen, causing the same to pro- 
duce audible signals and musical tones. 

The wave signalling instrument called a cymaphen, 
consists essentially of an iron frame containing asound- 
ing board, over bridges, at the ends of which a hard 
drawn iron or steel wire is stretched and tuned so as to 
sound the same note as the transmitting instrument. 
This wire passes through a hollow helix of insulated 
copper wire. The coil of wire is attached to the frame 
supporting the sounding board, but does not touch it. 
Two horse-shoe magnets are placed on each side of the 
wire. The currents magnetize the wire inside of the 
helix and thus cause it to be attracted and repelled 
from ove magnet to the other. The wire is properly 
tuned so as to vibrate synchronously with the apparatus 
causing alternations in the current at the transmitting 
station. 

The patentee says: “ By attaching a stethoscope 
to the sounding board for the hearer to rest his ear 
against very feeble sounds are rendered sufficiently 
audible. The sounding board may be replaced by a 
strained diaphragm or drum head on which one of the 
bridges over which the wire is strained is supported. 
This arrangement gives a better sound with very feeble 
currents, but with moderate currents the sounding 

board appears to have the advantage. Two sets of 
wave signals may be transmitted and received simul- 
taneously through the same wire and independently of 
the current signals, if a sufficient difference be made in 
the periods of the two sets of waves. Thus if waves 
of 200 vibrations in the second, and 850 or 900 vibra- 
tions in the second be simultaneously transmitted and 
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received by two separate cymaphens, the one adjusted 
to the slow and the other to the rapid vibrations, they 
may be separately read as the vibrations which affect 
the one are inoperative upon the other. The patentee 
says that various forms of receiving apparatus may be 
used, and among others he shows and describes a 
condenser-recelver. 

On page 563 of the Dowd Record, QO., p. 3656, the 


patentee says: 


‘* There are several methods of producing the electric waves in 
the line in addition to that already described. A tongue similar to 
those used in harmoniums is made to vibrate by a7r between contact 
points, and so to connect the condenser alternately with the battery 
and the ground and so produce the alternations, or it may be made 
to connect the condenser alternately to the positive or negative pole 
of a battery whose opposite poles are connected to the earth. <A 
magneto-machine rapidly rotating will do the above duty equally as 
well if its speed of rotation be controlled by a good governor.” 


On page 564 of the Dowd Record, Q., p. 3657 


patentee says: 


‘* | would remark that in electric-telegraphs the use of sound 
signals is not clained by me, and is not new ; for example, in work- 
ing step-by-step instruments in which a pointer should indicate the 
desired letter on a dial, it has been common when the instrument is 
out of order, or fails to indicate correctly, to vive sound signals ; by 
its means such sound signals are read according to the Morse 
alphabet, a short sound such as the escapement of the receiving 
instrument makes when moving a few steps only representing ¢ 
dot, and a long sound such as the escapement makes when moving 
over many steps representing a dash.” 

‘-Having thus described the nature of my invention, and the 
manner of performing the same, I would have it understood that ] 
claim the construction of electric-telegraphs in such manner that 
current signals andl wave signals may be simultaneously trans- 
mitted through the same line wire, and may be rendered sensible 
at the receiving station by separate instruments, the one sensitive 
to currents of appreciable duration, and the other to electric waves 
or vibrations.” 

‘*T also claim the construction of electric-telegraphs with, at the 
transmitting station, an instrument capable of originating in the line 
wire a succession of rapid and regular electric waves, and at the 
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receiving station a strained wire, a tongue, or such like instrument 
adjusted to vibrate in wn/son (correspondence) with the electric 
waves, and being magnetized by them, oscillating to and from the 
pole or poles of a magnet in its vicinity.” 

* * * * . * 

‘* T also claim in the construction of electric-telegraphs with, at 
the transmitting station, an instrument capable of originating in 
the line wire a succession of rapid and regular electric waves, and 
at the receiving station a condenser consisting of thin sheets (tin- 
foil) capable of being agitated by such waves.” 


At pages 400 and 401 of the defendant’s record in 
the Molecular case (O., pp. 797, 798), Professor Young 
testified that there is no substantial difference between 
the so-called undulatory current employed in the appara- 
tus shown in the Bell patent No.174,465 and the undu- 
lations or waves employed in the Varley apparatus. 

In the Dowd case, Vol. I., page 205; O., p. 2990, 
Mr. E. S. Renwick testified that vibratory or undulatory 
currents of electricity had been employed for tele- 
eraphic purposes previous to the date of the Bell 
patent, citing among others the Varley patent (See Prof. 
Morton, M. R., pp. 354, 355; O., pp. 751, 752; and 
Prof. Brackett, M.., p. 362; Q., p. 759). 

In the Dolbear case, pages 256 and 257, Prof. Cross 


Says .: 


‘‘In my first affidavit in this case I referred to the fact that 
previous to the date of the Bell patent electrical variations in the 
secondary circuit of an induction coil were utilized to produce 
sound by causing v/bratory movements in plates. In this statement 
the defendants considered that I was mistaken. I had in mind three 
particular pieces of apparatus—first, the receiver of Dr. Wright, 
described by him in the transactions of the Royal Scotch Society of 
Arts, 1860-1864, Vol. VI-, pp. 185-187; second, a somewhat differ- 
ent condenser-receiver of Dr. Wright, described in Ferguson on 
Electricity in 1867, page 38; third, the condenser.described by Var- 
ley in his English patent No. 1044 of April 8, 1870. In the Varley 
apparatus one plate of the condenser was connected with one ter- 
minal of the secondary helix of an induction coil, in which the pri- 
mary circuit was made and broken by atuning fork or other suitable 
arrangement. The purpose of the Varley was to produce in the 
receiver the pitch of the transmitted sound in a system of harmonic 
multiple telegraphy * * * Istill believe that the operation of 


an 
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those condensers of Wright and Varley was due to the attraction of 


the plates of the condenser for each other as the potential of the one 
connected with the induction coil was raised or lowered and thus 


the nature of the operation was essentially the same as that em- 
ployed by Mr. Dolbear in his receiver.” 


At page 264 of the Dolbear record Prof. Cross says: 


‘‘'The voltaic condenser constructed as in Mr. Varley’s patent 
already referred to is also capable of reproducing speech, though 
less readily.” 

‘*T tind that small instruments, constructed as describedin Fergu- 
son’s Electricity, enclosed in a suitable case, will also reproduce 
articulate speech with tolerable diStinctness so as to be understood.” 


In Cross’ first affidavit, page 84, Dolbear ease, he 
9 2. >] 3 


Says: 


‘That the attractive power of one plate upon another varied with 
the electrical condition of the first, was well known before the date 
of Mr. Bell’s said first patent; it was also well known before the 
date of said patent that by this means the electrical variations in the 
secondary circuit of an induction coil could be made to cause such 
vibratory motion in a plate as to thereby produce a sound whose 
pitch corresponded to the rate of the electrical variations. And this 
device for converting electrical variations into sound waves was 
well known as an equivalent and substitute for the motion given to 
the vibrating armature by means of the varying attraction of an 
electro-magnet through whose coils the same varying current should 
be passed.” 


In this connection it will be noted that the current 
employed in the Varley apparatus is_ precisely similar 
to that of Mr. Bell. In Mr. Bell’s lecture, delivered 
before the Saciety of Telegraph Engineers, in London, 
October 31st, 1877, he described the operation of Fig. 


5, in his first patent, as follows: 


‘* Fig. 48 shows the form of apparatus that I was then employing 
for producing undulatory currents of electricity for the purposes of 
multiple-telegraphy. A steel reed A was clamped firmly by one 
extremity to the uncovered leg of an electro-magnet E, and the free 
end of the reed projected above the covered leg. W_ en the reed A 
was vibrated in any mechanical way the battery current was 
thrown into waves and electrical undulations traversed the current 
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* * * throwing into vibration the corresponding reed A’ at the 


other end of the circuit.” 


In Mr. Bell’s English patent, page 93, Dowd Record, 
Part Second, QO., p. 3556 the patentee says: 


‘“When the permanent magnet is caused to vibrate in front of 
the pole of an electro-magnet which is placed in circuit with a 
voltaic battery, the undulatorv current induced by the vibration of 
the permanent magnet is superposed upon the voltaic current. 


When the induced impulse is of similar polarity to the voltaic | 
current it serves to strengthen the intensity of the latter, but when i 
it is of Opposite polarity it tends to neutralize the voltaic current. 
In such an arrangement the resultant effect of the vibration of the 


permanent magnet. is to throw the battery current into waves, as in 
line 3, Figure 6, by alternately increasing and diminishing the 


intensity of the current.” 


— 


In Part Second of the Dowd Record, between pages 
501 and 546, O pp. 3592-56387, will be found British 
Leters Patent number 6045, dated 1840, granted to = 
Wheatstone and Cooke for improvements in giving 
signals and sounding alarms between distant places by 
means of electric currents. At page 503, Q., p. 3594 the 


#4 


patentee says: 


ee a tty  —— as 


‘* An apparatus capable of giving signals and sounding alarms is 
represented in Sheet 1 of the drawings hereunto annexed. One 
such apparatus is to be situated at one of the distant places, and an- 
other like apparatus at the other of the distant places, between which 
commuication, of the nature of telegraphic intelligence, is to be car- 
ried on by giving signals and sounding alarms by means of electric 
currents transmitted through two long metallic wires extending 


oe re te 


from one of the distant places to the other, and forming a metallic 
circuit, in the manner fully explained in our said former specifica- 
tion; that is to say: The said two long conducting wires or tele- 


— .£ 


graphic wires forming a continuity of metal, and being kept insu- 
lated one from the other (although laid close side by side), if the end of 
one of the two wires is brought in contact with one pole of a voltaic 
battery and the end of the other wire with the contrary pole of the 
same attery, the two distant ends of both the wires being conjoined 
with metallic contact, then the two wires will form what is called 


a metallic circuit, through the whole length of which an electric 


current will be transmitted in consequence of a continual transmission 


of electric action, which as soon as such circuit is formed, begins 
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to proceed from one pole of the battery along or through all the 
length of one wire, and then back again through all the length 


@ of the other wire, with a great velocity of transmission, in 
q order toreturnto the other pole of the same battery, the electric 

‘ current thereby performing a circuit from the battery and back 
q V again thereto; and providing the battery is kept in working order, 


the said electric current, or transmission of electric action in a cir- 
cuit, will continue without interruption or cessation so Jong as the 
metallic circuit is maintained; that is, so long as the aforesaid con- 
tacts of the ends of the two wires with the two poles of the battery 
(and so long as the continuity of metal throughout the whole length 
| of the two wires and at their distant ends) is continued.” 


| The apparatus described in the patent is the well- 
i known Wheatstone Dial Telegraph, and the principle 
of its action 1s that of sending from the transmitting 
station a series of alternating currents through the line 
which, passing around the cores of an electro-magnet, 


a e- 


hy 
- - lege — , 


moved an armature and controlled the motion of a step- 
by-step escapement similar to that of a clock. On page 
530 of the Dowd Record (Q., p. 3621), the patentee 


Says : 


‘* By the further improvement now about to be described, a 
magneto-electric machine is substituted for a voltaic battery for the 
purpose above mentioned, and the same may, under some circum- 


ee 


stances, be a more convenient agent, as requiring comparatively 
little or no care and attention.” 


Reference is then made to Figures 18,19 and 20, 
sheet 9, of the patent, as showing a magneto-electric 
machine of ordinary construction. The machine and its 


Pere ne 


action are then described. The specification then says : 


-- 


‘* The difference between the use of electro-magnetism as herein- 
before described, and that of magneto-electricity as now being 
described, consists, therefore, of a momentary duration of the latter 
as contrasted with the continuous action of the former. The prac- 
tical effect of this difference is, that whereas by electro-magnetism 


a distinct and available signal is obtained by each action, and one 
by each reaction of the escapement-wheel ; on the other hand, by 
magneto-electricity an available signal is obtained by the reaction 
alone, because the action of the occasional magnetism upon the 
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escapement wheel is merely momentary, and does not admit of the 
signal being prolonged for a sufficient time to be intelligible, conse- 
quently the revolving dial hereinbefore described as giving 24 sig- 
nals under the influence of electro-magnetism would, if submitted 
to the influence of magneto-electricity, according to our present 


improvement, give only 12 signals.” 


The apparatus illustrated in Figures 18,19 and 20 of 
the drawings consists of a magneto-machine or inductor 
connected in a closed metallic circuit with a receiving 
apparatus at a distant station, capable of giving signals 
or sounding alarms. 

On page 545 of the Dowd Record (Q., p. 3636) the 


patentee says : 


‘Part K is the improvement hereinbefore described, and 
represented in Figures 18, 19 and 20, Sheet IV., for employing the 
attractive force of occasional or temporary magnetism, which will 
be excited in soft iron by transmission of electric currents through 
metallic circuits for the purpose, by action of such attractive force 
on suitable mechanism, of sounding alarms, when such electric 
currents are produced by magneto-electric apparatus instead of by 


voltaic batteries.” 

The action of the apparatus above referred to is sub- 
stantially that described in the specification of the Bell 
patent No. 174,465, wherein it is stated that 


‘* When a cylinder upon which are arranged bar magnets is made 
to rotate in front of an electro magnet an undulatory current of 
electricity is induced in the coils of the electro-magnet.” 


At page 571, Part Second of the Dowd Record (O., 
p. 3668), will be found letters patent granted to Thomas 
A. Edison, August 12th, 1873, No. 141,777, for an “ im- 
provement in telegraphic instruments.” The specifica- 
tion sets forth that relay-magnets are employed toa 
large extent in various telegraphic operations, and that 

> a) y) 
itis found that the adjustment of the springs which 
draw back the armature, and the burning of the con- 
tact-points by the spark are sources of constant 

ry 
annoyance. ‘The patentee then says: 
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‘* My present invention is made for preventing the points burning 
out, and for avoiding adjustment of the retractile armature-springs. 
‘I make use of metallic contact-points, within a liquid, such as 
glycerine or water, so that the motion of one contact point nearer 
to or farther from the other raises and lowers the electric tension in 
the telegraph line, and operates a distant magnet without forming a 


spark or breaking the circuit.” 


The drawings show and the specification describes a 
local circuit consisting of a finger-key connected with 
a battery and a relay-magnet. The relay-magnet is 
provided with an armature affixed to a lever moved by 
a spring in one direction and by the attraction of the 
relay-magnet in the opposite direction. 

A cup or vessel containing water, glycerine or other 
suitable liquid is interposed in the line circuit. The 
bottom of the cup is provided with a screw projecting 
upward in the liquid, and is connected to the main 
circuit-wire, leading to one pole of the line battery. 
The other pole of the lne battery is connected to 
earth. The armature lever of the relay-magnet is pro- 
vided with a movabie point, or screw, the lower por- 
tion of which always projects and dips into the liquid 
contained in the circuit-enp. The upper portion of the 
screw has metallic connection with the circuit wire 
leading to the receiving-magnet. In the Edison appa- 
ratus the main, or line circuit is never broken, and a 
continuous voltaic current is always flowing therein. 

When the local circuit, that is to say, the circuit of 
the relay-magnet, is broken at the finger-key, or other- 
wise, the lever-electrode immersed in the cireuit-cup, 
moves away from the cup-electrode, lessening the ten- 
sion in the line-cireuit, by the resistance of the inter- 
vening liquid, and thereby weakening the power of the 
receiving magnet, so that its spring or weight will draw 
its armature away from the pole of the magnet. 

It will be noted that by alternately making and 
breaking the local battery circuit, the armature of the 
relay-magnet will be alternately attracted to and re- 
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leased from the pole of that magnet, thereby causing 
the screw affixed to the end of the armature-lever to 
be immersed more or less deeply in the liquid of the 
circuit-cup. The action thus produced is substantially 
like that described by Mr. Bellin the specification of 
his first patent, wherein he says (O., p. 43): 


‘For instance, let mercury or some other liquid form part of a 
voltaic circuit, then the more deeply the conducting wire is im- 
mersed in the mercury or other liquid, the less resistance does the 
liquid offer to the passage of the current. Hence, vibration of the 
connecting wire in the mercury or other liquid included in the 
circuit, occasions undulations in the current.” 


In the specification of the Edison patent the in- 
ventor says: 


‘*T am aware that contact-points within a Jiquid, such as oil or 
glycerine, have been employed in the circuit-breaker of an electric- 
engine. In my improvement the circuit is not broken, but the 
relay-magnet or sounder is operated by rise and fall of tension, and 
the contact-points are adjustable instead of varying the armature- 
spring of a magnet.” 


The Edison patent shows a telegraphic apparatus 
wherein a closed circuit is employed, the electro- 
motive foree of which is constant, but the resistance of 
the circuit is alternately varied through the instrumen- 


tality of a local circuit, consisting of a battery, a key, 


and relay-magnet. 

In the Dowd Record, Part One, page 334 (O., p. 
3119), Mr. Frank L. Pope testified that the Gray patents 
for improvements in electric telegraphs for trans- 
mitting musical tones numbered 166,095, 166,096, dated 
July 27,1875, and patents numbered 2646 and 173,- 
460 describe a method of inducing electrical undula- 
tions in a closed circuit, by the vibration of a reed or 
diaphragm moved by the impact of air waves accom- 
panying the production of sound. The patents referred 
to are found in Part Second, Dowd Record, 566—571 
(O., pp. 3659-3668), 577-582 (O., pp. 3676-3683), 615- 
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620 (O., pp. 3721-3726), 650-651 (O., pp. 3756-7). 
Testifying in relation to those patents Mr. Pope said: 


‘The two patents of Mr. Elisha Gray, for ‘Improvements in 
Electric Telegraphs for Transmitting Musical Tones,’ dated July 27, 
1875, and numbered respectively 166,095 and 166,096, describe a 
method of inducing electric vibrations in a closed circuit, and re- 
producing them upon a common or universal receiver. The trans- 
mitting apparatus described in these two patents is substantially the 
same, and is that represented by defendant’s Exhibit, Gray’s 
Two-Tone Transmitter.” (The instrument referred to is shown 
and described in the. Johnson patent, Part Second, Dowd 
Record, page 566, O., p. 38659). ** It consists of two automatic cir- 
cuit breakers, each of which opens and closes a separate branch of 
aprimary circuit, at a definite rate of vibration, the rate of each cir- 
cuit breaker depending upon its construction or adjustment, and 
being different from that of the other. By saying that each circuit 
breaker is placed in a separate branch of a primary circuit, | mean 
that the current from the primary battery, after leaving one pole of 
the battery, is divided between two branching conductors which lead 
respectively to the circuit breakers, after, passing through which 
they again unite in a single large post, situated hetween the two 
circuit breakers in the exhibit, and thence pass to the primary wire 
of an electro-magnetic induction coil. In each of these branches is 
a finger key, which when closed puts in action the automatic circuit 
breaker in that branch. The secondary wire of the induction coil 
forms a portion of a closed circuit extending from the transmitting 
to the receiving station, at which latter place it passes through a 
common receiver Which in the patent 166,095 consists of an electro- 
magnet with a hollow cylinder of metal placed upon its poles, and 
in patent 166,096 consists of a hollow metallic cylinder connected 
with the ground, upon which cylinder the operator rubs his finger, 
holding at the same time in his hand an electrode connected with 
the line wire, so that the circuit is completed through a portion of 
his body. Either of these two forms of receivers is capable of re- 
producing all the different characteristics of sound. In_ patent 
166,095 it is stated that ‘mechanical circuit breakers might be sub- 
stituted for the automatic vibrating electrotome, hereinbefore de- 
scribed,’ and in patent 166,096 it is also stated that the interruptions 
in the primary circuit, which cause the induced secondary cur- 
rents or impulses, may be produced by a mechanical circuit breaker, 
having the requisite rapidity of motion, such as a revolving wheel or 
revolving brush; or they may be produced by providing the vi- 
brating reed or reeds of an organ with contact points, so that, as 
the reed vibrates it will transmit impulses corresponding in number 
per second to the number of vibrations per second of the notes 
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sounded by the organ pipe. In Elisha Gray’s patent, number 
173,460, for ‘Improvement in Automatic Circuit Breakers for 
Electro-Harmonic Telegraphs,’ dated February 15, 1876, the last- 
mentioned form of circuit breakers is described in detail. The 
specification says: ‘My invention relates to electro-harmonic tele- 
graphs of the class secured to me by Letters Patent of the 
United States, numbered respectively 176,095 (which I suppose to 
be a misprint for 166,095) and 166,096, granted July 27, 1875. 
[Its object is to produce a simple and effective circuit breaker, vi- 
brating automatically with sufficient rapidity to produce a musical 
tone of a given pitch, the electrical impulses thus generated being 
transmitted through an _ electric circuit, and reproduced at the 
other end of the line, as set forth in my patents above mentioned : 
to which end my improvement consists in combining with an organ, 
or other wind pipe, a diaphragm vibrated by sounding said pipe, 
and an electric circuit connected with said diaphragm so as to be 
opened and closed by its vibrations.’ 

The drawings show and the specification describes an organ pipe 
of the usual and well-known construction, but having an opening in 
its side, over which a membranous diaphragm is stretched. The 
diaphragm carries a contact point, which plays against another 
fixed contact point mounted upona metallic bar over the opening. 
The operation of the apparatus is described in the specification in 
the following language: * When the column of air in the pipe is 
vibrated by sounding the pipe, the diaphragm will vibrate cor- 
respondingly with the musical tone thus produced, and open and 
close the circuit accordingly, thus transmitting the vibrations to 
the receiving instrument for utilization, as mentioned in my patents 
before referred to. Obviously, the vibrations of several pipes, giv- 
ing notes of different pitch, may be simultaneously transmitted 
through a single wire by suitable mechanism.’ 

I find, therefore, that Mr. Gray’s patents, Nos. 166,095, 166,096 
and 173,460, when taken in connection with each other, describe 
and show a method of inducing electrical undulations in a closed 
circuit by the vibrations of a reed or diaphragm caused to vibrate 
by the impact of air waves accompanying the production of sound, 
and reproducing them upon a common or universal receiver.” 


On page 336 of the same record (QO., p. 3121), Mr. 
Pope further testified : 


‘* The extract from patent number 166,096, which I quoted in my 
last answer, in my opinion gives a sufficient description of the man- 
ner of operating the apparatus by means of the vibrating reed or 
reeds of an organ, to enable any person skilled in the art at the 
date of the patent to construct, arrange and opcrate the apparatus 
as contemplated therein.” 
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On page 374 of the same record (Q., p. 3159), re- 
ferring to Mr. Gray’s closed circuit patent No. 186,340, 
January 16, 1877, taken im connection with his reed 
transmitter patent 165,728, dated July 20, 1875, Mr. 


Pope Says : 


‘¢ Tt fulfills these conditions for the reason that each one of the 
reed transmitters controls a certain proportion of the total electro- 
motive force, and this wholly irrespective of the action of any other 
one of the reeds. Now, as the resistance of the main circuit re- 
mains practically constant, it is evident that the strength of current 
in that circuit is always exactly in proportion to tl : algebraic sum 
of the amplitudes of all the waves belonging to the different series 
co-existing at any givenmoment. Asthe apparatus is arranged, this 
proportion is inverse, but this is a matter of detail which does not 
affect the general principle. I referred to the other patent men- 
tioned for the reason that it shows in detail the construction and 
mode of operation of a reed transmitter adapted to and designed to 
be used with the arrangement of circuits described and shown in 


the closed circuit patent.” 


See Bell’s London lecture, page 66, Prescott, Speak- 
ing Telephone (Q., p. 2723), and Dowd Report, Part 
[., page 376 (O., p. 3161) and 220 (Q., 5005). 

In a paper read before the annual meeting of the 
American Electrical Society, December 12, 1877, by 
Mr. I’. L. Pope, the subject of electro-harmonic teleg- 


raphy was elaborately discussed. Mr. Pope’s paper is 
found in “The Speaking Telephone,” by Prescott, 


pages 235-260. On page 252 Mr. Pope say: 
‘ 


‘*The next important step in the progress of invention was ob- 
viously the discovery of some means whereby the proper amplitude 
of each vibration or succession of vibrations, either simple or com- 
pound, could be directly reproduced by means of the electric cur- 
rent, and when this was done the general problem of harmonic- 
telegraphy may be said to have been solved. This having been 
accomplished, it was not difficult to foresee that two important 
practicable applications might be expected to follow, namely, mul- 
tiplex transmission and vocal transmission. I believe that this dis- 
covery of the true method of transmitting composite vibrations was 
first publicly announced in the journal of this society (Journal of 
American Electrical Society, Vol. I., p. 13), in a paper contributed 
by Mr. Elisha Gray, it having been made by him in December, 1874. 
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It consists in causing the effective strength of the electric current 
by which the transmission is effected to rise and fall with the vary- 
ing amplitude of the vibrations or waves which are produced. 
Nothing could be more simple and beautiful in a theoretical point 
of view ; but the practical exemplification of the method, as is usual 
in such cases, presented considerable difficulty.” 


On page 254 he described in general terms the nature 
of Mr. Gray’s improvement, by means of which he was 
enabled to transmit an indefinite number of series of 
vibrations without destroying their individuality. After 
doing so he sums up the whole matter in these words : 


‘*The reproduction of articulate vocal sounds at a distance de- 
pends upon precisely the same fundamental principle as multiple 
harmonic-transmission—namely, the transmission of composite vibra- 


tions.” 


The apparatus of Mr. Gray referred to is shown and 
described in Gray's patents Nos. 1,874, May 4, 1876 
(Great Britain), and 186,540, of January 16, 1877 


(United States). 

The patents last named have previously been referred 
to, and it has been shown that the apparatus, when in 
operation, employed an undulatory current. 

On page 320, Part I., Dowd Record, Q., p. 3105, Mr. 
Pope, testifying in regard to his report made to the 
Western Union Telegraph Company in October or 
November, 1877, says: 


‘* It was substantially to the effect that [regarded the fundamen- 
tal principle of the speaking telephone to be the method of trans- 
mitting what are technically termed compos/te tones—that is to say, 
the simultaneous transmission of two or any greater number of 
tones over a single wire without destroying their individuality, and 
of simultaneously reproducing these tones at the receiving station— 
a method which necessarily involved the use of a closed or uninter- 
rupted circuit in the main line, and of a common or universal re- 
ceiver, capable of responding with equal facility to tones of every 
description, whether simple or compound. I stated that, in my 
opinion, based upon all the facts which I had been able to get hold 
of, this method was first invented by Elisha Gray, and therefore I 
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regarded it as most important to obtain control of his invention 
and patents.” 


On May 9, 1879, Pope testified (Dowd Record, p. 521, 
O., p. 3106), that he then remained of the same opinion 
expressed in his report as to what constituted the fun- 
damental principle of the speaking telephone, and as 
to where it was to be found deseribed and embodied. 

On pages 321-322 of Dowd Record, O., pp. 5106- 
3107, he defines what he meant by the terms ‘ com- 
mon or universal receiver.” 

On pages 322, 328, 329, 330 (O., pp. 5107, 3113, 
3114, 3115), Mr. Pope refers to the apparatus which 
he saw exhibited in New York im 1875, upon which his 
report was based, and to Mr. Gray’s patents, in which 
said apparatus is shown and described. 

The apparatus referred to by Mr. Pope, and the ex- 
periments therewith, are fully set forth in the deposi- 
tions of William M. Goo dridze, E'isha Gray and others, 
Part [., Dowd Record, Q., Vol. LV. 

Undulatory currents, as defined by Mr. Bell in the 
specification of his first prtent, ware used by Siemens 
and Halske in want is known as “the mugneto-indue- 
tion key.” The instrament is shown and described on 
pages 697, 68, 699, Part LIL, Dowd Record, O., pp. 
3815-16-17. 

Instead of the Morse key, induction coil and local 
battery Siemens and Halske used an instrument in the 
form of a key, in which a coil of wire wound on a soft 
iron armature was oscillated between the poles of a 


permanent magnet and developed alternate, positive 


and negative currents for working a polarized relay. 
The induction key consisted of two rows of permanent 
bar magnets, the upper one with their north ends and 
the lower ones with their south ends in contact with a 
heavy, soft iron plate. Between the poles of this sys- 
tem of magnets the armature was placed asd oscillated 
in an angle of a few degrees by means of a _ handle. 
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Longitudinal grooves were cut on opposite sides of it 
in which a coil of fine insulated wire was wound. The 
coil of the armature was suitably connected to the line 
wire and with the earth. When the handle of the ar- 
mature was pressed down the polarity of the armature 
was reversed anda positive magneto-electric current 
was induced in the coil of the armature, which flowed 
into the line wire and deflected the tongue of a polar- 
ized relay or receiving instrument at the receiving sta- 
tion, and thus closed a local circuit so long as the key 
was held down. ‘The currents induced by the vibra- 
tion of the armature were inagneto-electric currents and 
were andulatory in character. 

On pages 699-702, Part IL., Dowd Record, O., po. 
§817-5820, will be found a description of certain im- 
provements made by Professor Wheatstone in the 
apparatus patented by himself and Mr. Cooke in 1840, 
to which reference has already been made. 

In this apparatus, like that previously described, the 
currents used to work it were magneto-electric and were 
evolved from permanent magnets. A succession of mag- 
netic currents were venerated and transmitted in the 
sending apparatus by causing a pair of electro-magnetic 
coils to revolve rapidly above the poles of a compound 
permanent steel magnet. A succession of magneto- 
currents were thus induced and sent, and as long as the 


electro-inucnetic coils were caused to revolve, the in- 


dicators or pointers of the receiving dial were moved 
on step by step. During this operation the current was 
unbroken and the currents induced were undulatory in 


character. 
[In complainant’s record Drawbaugh case, Mr Bell 


was asked : 


“331 x-Q. How long prior to June 2d, 1875, had youknown that 
if a permanent magnet be vibrated in front of the pole or poles of 
an electro-magnet in a closed circuit, and sufficiently near to bring 
the eiectro-magnet within the field of force of the permanent mag- 
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net, electric currents would thereby be caused to traverse the cir- 
cuit in alternately opposite directions, even though there were no 
battery included in the circuit ? 
‘‘A. Ido not know. I had all the knowledge necessary to know 
this, if I had thought about the matters, when I first took up the 
. study of electricity ; certainly previously to 1870, the date of my 
coming to this continent. J am not conscious of having thought of 
applying this to vibrations coming with the frequency of an audible 
sound, for the purposes of my inventions, until the summer of 1874. 
‘* 332 x-Q. How long prior to June 2d, 1875, had you known that 
if an electro-magnet be included in a closed circuit with a battery, 
and a plate or armature of inductive material be vibrated in front of 
the pole of the electro-magnet and within its field of force, electrical 
undulations would thereby be set up in or transmitted through the 
circuit ? : 
‘*A. |] am not conscious of having thought of this until the sum- 
mer of 1874. 
‘* 333 x-Q. Do you claim to be the first discoverer of the effects 
stated in my last two questions, or either of them, or were they 


known to other electricians prior to your investigations ? 
‘A. T think that the state of knowledge at the time I made my 
discoveries was such that the effects stated could have been deduced 


from the premises supposed. I believe myself to have been the first 
person to have made the deductions and to have applied them to the 
case of the sonorous vibraticn of a permanent magnet, or plate, or 
armature of inductive materialin front of the pole or poles of an 


electro-magnet placed in a closed circuit as stated.” 


In answer to x-Ques. 354, Mr. Bell says 


»] 


‘*My inventions and researches had reference entirely to vibra- 
tions that would produce the sensation of sound, and I do not be- 
lieve that the effects stated in your two questions were actually 
known to electricians before I deduced them, although, as I have 


stated, the state of knowledge at the time was such _ that 


they might have been deduced. In regard to vibrations in the 


simple sense of a to-and-fro movement, without reference to a 


movement of such character as to produce the sensation of sound, 


~ 


I said in my patent of March 7, 1876: ‘It has long been known that 
when a permanent magnet is caused to approach the pole of an 


electro-magnet, a current of electricity is induced in the coils of the 
latter, and that when it is made to recede a current of opposite po- 
larity to the first appears upon the wire.’ In regard to the condi- 
tions stated in x-Ques. 332, I do not know exactly how much was 
actually known to electricians at the date of my discoveries in ref- 


erence to simple to-and-fro motions, but it is obvious that whatever 


effects might have been positively known regarding the to-and-fro 
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motion of permanent magnets in front of electro-magnets would 
also have been presumed to follow in the case of plates, or armatures 
of inductive material-moved to and fro in front of the pole of an 
electro-magnet excited by a battery current.” 


In answer to x-Ques. 335, Mr. Bell said: 


‘*T deduced from the known laws of magneto-electricity that 
the variations in the electric current induced by that to-and-fro 
movement of a magnet or of inductive material under the condi- 
tions stated in your two questions would correspond to the motions 
themselves, so that if the changes in the current were graphically 
shown they would be represenied by a curve substantially similar to 
the curve that would represent the motion of the inducing body. In 
answer to the first part of the question, there was nothing in the 
state of knowledge to have prevented any one from arriving at this 
conclusion in the case of to-and-fro movements at the time that I 
did, but I do not believe that any one had arrived at this result. 

‘An article published in ‘The Wonders of Electricity,’ entitled 
‘The Acoustic Telegraph,’ led me to substitute metallic plates for 
forks in my telegraphic experiments.” 

Exhibit Bell Caveat, Part IT., Dowd Record, 
711; O., p. 3829. 
The article referred to will be found in the Dolbear 


Circuit Record, pp. 611-613. 


tunin 
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In Mr. Pope’s paper, heretofore alluded to, Prescott’s 


Speaking Telephone, 249, he says: 


“The idea of synchronizing the movements of the two instru- 
ments at widely separated points for telegraphic purposes, by 
making use of the principles of ischronous vibration, was employed 
in telegraphy at a very early period. Thus Ronalds in 1861 and 
Vail in 1837 employed ischronous pendulums to control their ma- 
chinery, while at a later date the printing telegraph of Hughes and 
the automatic telegraph of Casselli and others have embodied most 
ingenious applications of the same principle.” 


APPHN DIX NO. 4, 


Upon the facts already shown touching 
knowledge of the writings and instruments of Reis, the 
following comparison of their words is made without 


remark : 
REIS. 


‘* How, indeed, coulda single 
instrument produce the com- 
bined effect of all the organs oc- 
cupied in human speech ?” (Reis 
& Bourseul Pub., p. 12; O., p. 
1864). 


‘* But I was soon forced to de- 
sist because the very first experi- 
ment convinced me of the im- 
possibility of its solution ” (Reis 
& Bourseul Pub., p. 12; Q., p. 
1864). 

‘‘ because I did not feel myself 
equal to the difficulties in the 
way ” (lbid., p. 12; O.,p. 1864). 


‘finally I got the notion of put- 
ting the question in another 
way—‘ How is our ear affected 
by the totality of vibrations pro- 
duced by the organs of speech 
all simultaneously active?’ Or, 
more generally, ‘How are we 


sell’s actua 


SK LI. 
‘‘T remember when I was 
quite a child that my father 
spoke to me of some automaton 
speaking machine that he had 
seen, and aroused so much inter- 
est in me that I determined to 
attempt the construction of such 
[ invented a 
Ccon- 


an apparatus. 
speaking machine 
structed it as a boy, and was 
able to make it articulate one or 
two simple words” (Mol. R., p. 
1586). 


and 


‘*T said that I recognized the 
fact that there were mechanical 
difficulties in the way that ren- 
dered the plan impracticable at 
the present time” (Mol. R., p. 
1682). 

‘*T added that I felt that I had 
not the electrical knowledge 
necessary to overcome the diffi- 
culties” (Mol. R., p. 1682). 

‘* At the very time also when 
this conception occurred to me, 
tracings of the 
bones of a 
*” (Mol. R., 


I was obtaining 
vibrations of the 
humanear, * * 
1597). 

‘*T have a recollection of ask- 


REIS. 
affected by the vibrations of 
several simultaneously-sounding 
bodies ?’” (/bid., p. 12; QO., p. 
1864), 


‘With the above 
(7. e., construction and action of 


the human ear) as a foundation, 


principles 


I have succeeded in construct- 
ing an apparatus with which I 
am enabled to reproduce the 


tones of various instruments 
and even toa certain extent the 
human voice” (/did., p. 15; O., 
p. 1870). 

‘*What ourauditory nerve per- 
ceives is, then, simply the effect 
of a force coming within the 
range of consciousness, and this 
force can be represented both as 
to duration and magnitude 
graphically by a curve” (/d/d., 
p. 13; QO., p. 1860). 


“Phe pitch of the tone pro- 
duced in this way depends upon 
the number of vibrations in a 
*” (1 bid., p. 


given time. * * 


18; O., p. 1873), 


“The greater the condensa- 
tion of the sound-conducting 
medium, at any given moment, 
the greater is the amplitude of 
vibration of the membrane 
> ¢ Ss” (1tM., p. 18; Ow Pp. 
1865). 


* * * each tone depends 


not merely upon the number of 
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ing Dr. Blake’s opinion on this 
point, and the impression that I 
vot from his remarks was that it 
could, if the membrane were 
made concave, like that in the 
human ear, * *. * _ corres- 
ponding to the point of attach- 
ment of the malleus and tym- 
panic membrane of the ear” 
(Mol. R., p. 1599). 

‘*T cannot remember 
discussions with any detail, but 


these 


simply remember holding this 
human earinmyhand, * * * 
as an illustration of some theory 
I was discussing concerning the 
reproduction of speech by elec- 
trical means ” (Mol. R., p. 1598), 


‘*Electrical undulations, in- 
duced by a body capable of in- 
ductive action, can be vrepre- 
sented graphically without error 
by the sinusoidal cw7o: 
which expresses the vibration of 


same 


the inducing body itself and the 
effect of its vibration upon the 
air; for, as above stated, the 
aet of oscillation in the elecr- 
trical current corresponds to the 
rate of vibration of the inducing 
body—that is, to the pitch of the 
sound produced” (Specification 
of U. 8S. Patent, No. 174,465: 
O., pp. 39-46). 

‘* The intensity of the current 
‘aries with the amplitude of the 
vibration—that is, with the loud- 
ness of the sound” (/did.). 


‘‘and the polarity of the cur- 
rent corresponds to the direc- 
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of the medium, 
its condensation 


35 : Ores 


the vibrations 
but also upon 
and rarefaction (/ did., p. 
p. 1892). 

‘‘ If, for example; in the case 
of three draw the 
curve of condensation of each 


tones, we 


separately, then by a summation 
of the ordinates of correspond- 
ing abscissas, we can determine 


develop a 
might be 


ordinates and 


which 


new 
new curve, 
called the combination 
This represents exactly 
our ear perceives of the three 
simultaneous tones” (/did., p. 
14: O., p. 1866). 


curve. 
what 


* * * the electro-magnet 
is correspondingly de- 


magnetized, 


x al * 


magnetized and 
and the armature of the magnet 
is set into vibrations like those 
of the membrane of the trans- 
mitting apparatus.” (/d/d., p. 34. 


O., p. 1891). 


‘* The 
consists of a conical tube 
closed by a collodion membrane 
* * * by speaking into it 
* * * a movement of the 
membrane closing the smaller 
opening of the tube is produced 
* * *” (Lbid., pp. 32, 33, 34; 
O., pp. 1888, 1889, 1890). 

‘The apparatus * * * of- 
fers the possibility of producing 
these vibrations in every man- 
ner desired ; and by the use of 


transmitter * * * 
x Kk x* 


is, to the 
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tion of the vibrating body—that 
and 
rarefactions of air produced by 
the vibration” (/d7d.). | 

‘‘The combined effect of A 
induced simulta- 


condensations 


and 8, when 
neously on the same circuit, is 
expressed by the curve AB, Fig. 
4, which is the algebraical sum 
of the sinusoidal curves A and B. 
This curve AB also indicates the 
of the air when 


notes 


actual motion 
the two 
ered are sounded simultaneously 
*” (1 bid.). 

‘The electrical 


like the 


musical consid- 
ak oe 
movement, 
can be 
sinusoidal 


aerial motion, 


represented by a 
curve, or by the resultant of 


several. sinusoidal curves” 
(1 bid. ). 

‘(*# * * the current trav- 
ersing the coils of the electro- 
magnet E, occasions an increase 
and diminution in its intensity, 
the armature A is thrown 


and 


and 
into vibrations * * * 


t' .3 imparts to the air at ” a 


Jac simile copy of the motion of 


the air that acted upon the 
membrane 2” (Specification of 
British Patent No. 4765, Dee. 
9th. 1876: O., p. 3563). 

‘‘* A core is used to converge 


sound vibrations upon the mem- 


, 


brane.” 

‘‘ When a note is 
made in the neighborhood of 
the membrane, it is set in vibra- 
tion * * *” (Lbid., p. 3568). 


musical 


‘‘* * * and thus electrical 


undulations are created upon the 
circuit. * * * The undula- 
tory current passing through the 
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galvanic electricity, it is pos- 
sible to evoke, at any distance, 
vibrations like those which have 
been so produced, and in this 
way to reproduce at any place 
the tones which have been gen- 
erated at another place” (Ld/d., 
p. 32; QO., p. 1888). 

‘‘As soon, therefore, as it 
shall be possible * * * to 
set up vibrations whose curves 
are like those of any given tone 
or combination of tones, we 
shall receive the same impress- 
ion as that tone or combination 
of tones would have produced 
upon us (/éid., p. 55). 

‘“Any sound will be repro- 
duced, if strong enough to set 
the membrane in motion ” (/dzd., 
p. 45; O., p. 1902). 


‘ox * * the armature of 
the magnet is set into vibrations 
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electro-magnet f influences its 
armature A to copy the motion 
of the ‘armature c. * * * 
These undulations are similar in 
form to the air. undulations 
caused by the sound.” 


‘‘ that is, they are represented 
graphically by similar curves. 
* * *) 


‘*A similar sound to that 

uttered into A is then heard to 
proceed from L” (Specification 
of U. S. Patent No. 174,565: 
O. p. 45). 
‘cx * * there are many other 
uses to which these instruments 
may be put, such as * * * 
the telegraphic transmission of 
noises or sounds of any kind” 
(Lbid., p. 44-45). 

‘*T would have it understood 
that what Iclaim is:— * * * 

‘*Firrn. In a system of elec- 
tric telegraph or telephony con- 
sisting of transmitting and re- 
celving instruments * * * 
united upon an electric circuit, 
[ claim the production in the 
armature of each receiving in- 
strument of any given motion by 
subjecting said armature to an 
attraction varying in intensity, 
however such variation may be 
produced in the magnet; and 
hence I claim the production of 
any given sound or sounds from 
the armature of the receiving 
instruments, by subjecting said 
armature to an attraction vary- 
ing in intensity in such manner 
as to throw the armature into 
that form of vibration which 
characterizes the given sound or 


REIS. 


like those of the membrane in 
the transmitting apparatus” 
(Tdid., p. 84; O., p. 1891. 
‘There is no doubt that the 
subject we have been consider- 
will require con- 
siderable improvement; it will 


especially be necessary to per- 
fect the mechanism of the ap- 
paratus to be employed; * * 
*” (Lbid., p. 35; QO., p. 1892). 


‘This also 
chords and melodies were trans- 
mitted with marvellous accuracy 


explains why 


practical experiments 


made, 


in the 

hitherto 
words in reading, speaking, etc., 
were less distinctly recogniza- 
ble, although even in these the 
inflections of the voice, as in in- 
terrogation, exclamation, sur_ 
prise, calling, ete., were clearly 


while single 


reproduced ” (/did., p. 35: Q., 
p. 1892). 
‘* With the above principles as 


a foundation, I have succeeded 
in constructing an 
with which I am enabled to re- 


produce the tones of various in- 


app#ratus 


struments, and even to a cer- 

tain extent, the human 

(Thid., p. 15: QO., p. 1870). 
‘* Hitherto it has not been pos- 


sible to reproduce the tones of 


voice 


human speech witha distinctness 
sufficient for every one” (Jdfd., 
p. 15; O., p. 1870). 
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sounds” (Specification of Brit- 
ish Patent. No. 4765, Mol. R., 
p. 1472). 

‘‘ Tt is a mistake, however, 
to suppose that the articulation 
was by any means perfect, * 
* * still the articulation was 
there, and I recognized the fact 
that the indistinctness was en- 
tirely due to the imperfection of 
the instrument” (QO. pp. 
2744-5). 

“The effects were not suffi- 
ciently distinct to admit of sus 
tained con tion through the 
wire. Indeed, as a general rule, 
the articulation was unintelligi- 
ble, excepting when familiar 
sentences were employed” (Q., 


p. 3456). 


‘* Another mode is shown in 
whereby motion can be 


armature by 


Fig. 7, 
imparted to the 
means of the human voice or by 
means of a musical instrument” 
(Specification of U. 8S. Patent 
No. 174,465, Dowd. Rec., p. 56; 
O., p. 3508). 

‘The results, however, were 
unsatisfactory and discouraging. 
Mr. Thos. A. Watson, who assist- 
ed mein this first experiment 
declared that he heard a faint 
sound proceed from the tele- 
phone at his end of the circuit, 
but I was unable to verify his 
assertion. After many experi- 
ments, attended 
only partially 
sults” (Mol. R., p. 
p. 2744). 


with the same 
successful re- 


20138: QO., 
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‘*The pitch of the tone pro- 
duced in this way depends upon 
the number of vibrations in a 
given time, but the character of 
the tone upon the number of 
swellings in the same time. Two 
vowels having the same pitch 
would differ in about the way re- 
presented by the curves (Fig. 1, 
2), while the same tone without 
any vowel character would be 
represented by the curve (Fig. 3) 
(lbid., p. 18: QO., p. 1873). 

‘““My apparatus reproduces 
the number of vibrations, but 
with an intensity much less than 
that of the original ones, though, 
as I have reason to believe, to a 
certain degree — proportional 
among themselves ” (/¢7d., p. 18; 
O., p. 1875). 

‘¢ Whether or not my views as 
to the curves corresponding to 
sound combinations are correct 
could be, perhaps, decided by 
means of the new phonautograph 
of Duhamel ” (*‘Vierordt Physio- 
logy,” p. 254) (déid., p. 18; O., 
p. 1873). 
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‘‘ Hence, the co-existence 
upon a telegraphic circuit of 
electrical vibrations of different 
pitch is manifested not by the 
obliteration of the vibratory 
churacter of the current, but by 
peculiarities in the shapes of the 
electrical undulations, or, in 
other words, by peculiarities in 
the shapes of the curves which 
represent those unduJations”’ 
‘Dowd Ree., p. 53; QO... p. 
390%) ). 

‘* T had had the idea that mag- 
neto-electric currents generated 
by the vibration of permanent 
magnets or reeds would be too 
feeble to produce any useful, 
practical results” Mol. Rec., p. 
1611. 


‘‘ For some time I carried on 
experiments with the manome- 
tric capsule of Koenig, and with 
the phonautograph of Leon 
Scott. * * * With this ap- 
paratus I succeeded in produc- 
ing very beautiful tracings of 
the vibrations of the air for 
vowel sounds. * * * I was 
much struck with this improved 
form of apparatus, and it oc- 
curred to me that there was a 
remarkable likeness between the 
manner in which this piece of 
wood was vibrated by _ the 
membrane of the phonauto- 
graph and the manner in 
which the ossicule of the 
human ear were moved by the 
tympanic membrane. I deter- 
mined, therefore, to construct a 
phonautograph modeled - still 
more closely upon the mechan 


ismof the humanear, * * *” 


‘It may be that for the prac- 
tical application of the telephone 
much remainsto be done * 
*” (Ibid., p. 18; O., p. 1873). 


* 


‘*But the office of the auditory 
nerve is to bring to our con- 
sciousness the vibrations of mat- 
ter which have occurred in a 
given time, both as _ regards 
number and amplitude ” (/did., 
p. 18; O., p. 1865). 
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(Mol. R. 2010-11; ©O., pp. 
2741-2742). 

‘* Tt consists in improvements 
in the construction of the instru- 
ments without 


mode of operation” (Bell Int. 


change in the 


Cases, p. 653). 

‘*T told him that on passing 
an intermittent current of elec- 
tricity through an empty helix 
of insulated copper wire a noise 
could be heard proceeding from 
the ¢ milar to that heard 
He started 
Will 
sell, to re- 


phone. 
‘Is that 
you allow me, Mr. 


from the t 
up—said, SO ?’ 
peat your experiments, and pub- 
lish them to the world through 
the Smithsonian Institute, of 
course, giving you the. credit of 
the discoveries?” (Mol. Rec., 
p. 1601.) 
‘**Cross-Int. 191, 
scribe a little more fully the tele- 


Please de- 


phone indicated in the passage re- 
ferred to ‘ being a telephone from 
the rod of silk threads 
may lead to a series of bodies, 


which 
such as tuning forks, &c ?’ ”’ 

Ans. ‘‘I referred to the re- 
ceiving instrument of Reis’s tel- 
ephone, consisting of a rod of 
iron about six inches in length, 
supported by its ends upon a 
sounding box, and placed in the 
interior of a helix of copper 
wire” (Dowd Rec., p. 510; QO., 
p. 3295. 

‘*Before this time 1 had per- 
fectly satisfied myself that the 
true and only method for the 
telegray transmission of vo- 
“al sounds involved as itsfunda- 
apparatus 
ampli- 


element, an 
transmit 


mental 


which should 


450 
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‘The iron wire no longer 
gives its longitudinal normal 
tone, but a tone whose _ pitch 
corresponds to the number of 
interruptions. (Unterbrechun- 
gen in a given time.) This is 
the same as saying that the rod 
reproduces the tone (Ton) ¢mpressed 
upon theinterrupter (dem Unter- 
brechungs Apparat)” (/d/d., p. 
16: @Q., p. 1871). 


‘* According to the experiments 
of Willis, Helmholtz and others, 
vowel tones can be produced 
artifically, if the vibrations of 
one body are from time to time 
augmented by those of another, 
somewhat as follows” (/did., 
}). ive QO., p. 1872). 

‘‘In this essay we shall not 
deal with the electric current as 
to its capacity for operating tele- 
geraphic apparatus of whatever 
construction for the reproduc- 
tion of visible signs, but of the 
application of this curcnt to 
the production of audible signals, 
of tones (Tonen).” (/did., p. 29: 
O., p. 1884). 

‘‘The tone transmitter, Fig. 
4 A, consists of a conical tube 
ab,about * * * ” (RK. B., 

32: Q., p. 1888). 
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tude or intensity as well as 
pitch—for ‘‘ quality,” or timbre, 
or articulation were ultimately 
resolvable into these two char- 
acteristics of vibration, &c., to 
be transmitted” (Mol. Rece., p. 
2158). 

‘‘Hie then proceeds to de 
scribe an experiment whereby he 
made the discovery that when 
the intermittent or interrupted 
current from a circuit-breaker 
was passed through the coils of 
an electro-magnet, a sound was 
heard to proceed from the iron 
core, and the idea was suggested 
that an empty coil might pro- 
duce a like effect. Although 
this may have been new to him, 
it had long previously been ob- 
served aid commented upon by 
others ” (Examiners’ Decision, 
p. 277). 

‘‘Immediately after the con- 
versation with Mr. Ellis, in 1867, 
[ formed the resolution of repro- 
ducing Helmholtz’s synthetical 


experiments. * = 
( Dowd Ree.. Vol. 1. 442. O., 
O227 ). 


‘*Another mode is shown in 
hig. 7, whereby motion can be 
imparted to the armature by the 
human voice or by means of a 
musical instrument” (Dowd 
Rec., Vol. II., p. 7; O., 3428). 


‘“E represents a speaking 
tube, by which sounds may be 
conveyed to or from the plate 
A” (Dowd Rec., Vol. II... p 
11; @O., 3484). 
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‘The lever Z with the arma- 
ture is suspended from _ the 
standard & in the manner of a 
pendulum, its motion being 
regulated by means of the screw 
{and the spring g” (/did., p. 34 ; 
O., p. 1891). 

‘¢ In order to increase the ef- 
fect of the apparatus, the tone 
receiver may be placed at one 
of the focal points of an ellipti- 
cally arched chamber of suitable 
size, and the listener may place 
his ear at the other focus of this 
chamber” (/éid., p. 34; Q., p. 
1891). 

‘* A friendly communication 
was sent us some time ago by 
Mr. J. F. Quilling, of Frankfurt- 
a-M., according to which the 
capacity of the apparatus to 
transmit tones to a considerable 


distance clearly and with their 


characteristic timbre 
farbe) is fully established” (/d/7d., 
p. 388; QO., p. 1895). 

‘‘M. Beatson and M. de La 
Rive observed also that an inter- 


(Klang- 


mittent current passed througha 
stretched wire made it produce 
(rendu) a sound identical with 
that which it would give forth 
if it were placed in the interior 
of a helix” (/éid., p. 63; O. 
p. 1920). 
VARLEY’S PATENT. 

‘The wave signal receiving 
instrument * * * consists of 
an iron frame containing asound- 


ing board a over bridges, at the 
end of whicha hard drawn iron 
wire 4 is stretched * 


or steel 


* and is strained so as to 
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‘“*T is an 
whereby the distance of the end 
H from the plate A may be reg- 
ulated ” (Dowd Rec., Vol. II., p. 
11; O., p. 3484). 


adjusting screw, 


‘When * * *. 


advisable for the 


it will be 
Operator. to 
listen to his telephone through 


a resonator, which will re-en- 
force to his ear the signals which 
he desires to observe” (Dowd 


Rec., pp. 11-12: O., p. 3484-5). 


” 


‘*3. The — phono-telegraph, 
whereby the exact pitch, loud- 
ness and timbre of vocal or 
other sounds can be transmitted 
telegraphically, by causing elec- 
undulations upon the 


in form to the 


trical 
wire, similar 
aerial vibrations accompanying 
said vocal or other sounds” 
(Mol. R., p. 1622). 
‘“The deduction I had made 
from the experiments was, that 
an intermittent current of elec- 
tricity creates a molecular vibra- 
tion in the conductor through 
which it had passed. * * * 
I shall 


study into his room to-morrow, 


carry a wire from my 
and try the effect of passing an 
intermittent current through the 
Unless I am 
string, 


strings of a piano. 
greatly mistaken, the 


whose rate of movement coin- 
cides with the molecular vibra- 
tion induced in the wires by one 
of my transmitters, will resound 
loudly ” (Dowd Rec., Vol. L., p. 


464; @O., p. 3249). 


432 


REIS. 


sound the same note as the tun- 
ing fork of the sending instru- 
ment” (Dowd Ca., Vol. II., p. 
557; O., p. 3650). 

‘‘In 1837 Mr. Page observed, 
for the first time, the phenome- 
non of the production of sound 
by electricity, when the poles of 
a magnet were rapidly brought 
near to and moved away froma 
helix of iusulated conducting 
wire through which an electrical 
current was passing. M. Dele- 
zenne produced an analogous 
effect by turning an armature of 
soft iron before the poles of a 
magnet” (/did., p. 62; QO., p. 
1919). 
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‘*Don’t you think it would be 
well to take out a Caveat for the 
use of the magneto-electric cur- 
rent ?” (Dowd Rec., p. 483. Qk.» 
3268). 
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H. CLAY. 


(No Model.) 
TELEPHONE. 
Patented May 8, 1883. 
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No. 277,112. 
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WITNESSES: 


AD. 1876. Dec. 9. N* 4765. ( 3 SHEETS) 
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MORGAN-BROWN’S SPECIFICATION 
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Printers tothe Queen's most Excellent Majesty: 1876. 
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Vv. Leoat, Reproduction von Jonen auf elektro palvanischem Wege 
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Ernst & Horn Berlin. 


